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Overview Unuk River Chinook Salmon
Indicator Stocks . By
_ Chignik River Overview I Publications ‘
— Chilkat River
— Copper River Unuk River Chinook Salmon Research
- Karluk River :
Overview
- Kenai River : y : g
The Unuk River is a glacial system located approximately 85 km northeast of
- Kuskokwim River Ketchikan, Alaska. Over the past couple of decades this river has supported runs
- Nushagak River of Chinook salmon averaging about 5,000 large (essentially 28" and greater in
. ) length) Chinook salmon. After leaving the freshwater as juveniles, these fish
- Stikine River primarily rear in or near Southeast and this stock is caught incidentally in sport
- Susitna River and commercial fisheries in northern and southern Southeast Alaska. Data from
_ Taku River this project are used to estimate full parent year production estimates including
details on harvest, exploitation rate, and marine survival.
( Unuk River

Spawning abundance is germane to estimates of large (essentially 28" and
_ greater) spawning fish defermined using mark-recapture studies from 1997 to

- Yukon River 2000 and in 2011 (Hendrick, 2008) and aerialifoot surveys in 2010 and from
AR Caete 2012 to 2019). Prior to 1997, aerial surveys were conducted on a consistent
basis in 6 clear water tributaries. Due to the loss of the set net site in 2012, there
is no longer an adult Chinook salmon mark-recapture study on the Unuk River
and calibrated aerial and foot surveys are used to estimate large Chinook salmon
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Chinook Species Profile abundance.
Publications An escapement goal of 630 to 1,400 large fish was developed for this stock in 1997 (McPherson and Carlile 1997)
EHROOk NS based off aerial surveys. After several years of mark-recapture study, this goal was updated and revised to 1,800

(nealetias) to 3,800 large spawning Chinook salmon in 2008 (McPherson et al. 2008).

Available information on this stock suggests that about 29% of the fish are harvested annually. This stock, like
others in Alaska, has recently experienced a decline in productivity. From 1977 to 2011, the Unuk River met or
exceeded the lower bound of the escapement goal every year. From 2012 to 2017, the Unuk River missed the
lower bound of the escapement goal in 5 of & years which led to its designation as a stock of concern in 2018.
Escapement goals were met in 2018 and 2019. Unuk River salmon research provides fishery managers the tools
necessary to manage under the sustained yield principle
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Spawning escapements of Unuk River Chinook salmon, 1977 to 2020. Escapements and goals are germane to large fish
(essentially 28" and greater in length)

Adult Spawning Abundance

Aerial and foot surveys are conducted annually to estimate the spawning abundance of Chinook saimon in the
Unuk River. Since 1977, abundance has ranged between 956 and 10,541 large fish, with an average of 4,558
large fish. In the mark-recapture studies from 1997 to 2009 and in 2011, during June and July, marks were applied
to Chinook salmon in the lower river, and at the same time, fish were sampled for tags, age, sex, and length
information. Then in late July and August, marks were looked for at 6 principal spawning areas and captured fish
were also sampled for age, sex, and length information. Due to the loss of the set net site in 2012, there is not
currently an adult mark-recapture project on the Unuk River. Spawning grounds age, sex. and length sampling
efforis have increased in August of recent years. Nearly 25% of the large Chinook salmon escapement have been
sampled in 2018 and 2019 leading to higher precision in various analyses.




River.

In addition to sampling fish for age, sex, and length
information, each fish is checked for the presence of
adipose fins. Fish missing adipose fins are additionally
sampled for the presence of coded wire tags (CWTs)
which would have been applied to fish during their
juvenile life stage Sampled fish are then marked with an
adipose fin clip and an operculum hole punch for a
secondary mark to avoid resampling of fish and then
fish are subsequently released. Fish are sampled on
the spawning grounds using rod and reel snagging Chinook salmon with an absent adipose fin.
gear, short sections of netting and dip nets or sampled

as Carcasses.

Project operational plans are published annually to outline project methods. results, and data analyses, and are
available on-line_ Information gathered from this work is published in the ADF&G Fishery Data Series and is
complete through parent years 2005 (PDF 4,924 kB), and 2006 (PDF 2,814 kB).

Juvenile Abundance

The ADF&G, Sport Fish Division, has conducted studies to estimate the abundance of juvenile Chinook salmon in
the Unuk River drainage since 1994 Juvenile Chinook salmon from the same parent year are marked with adipose
fin clips and tagged with CWTs as fingerlings during the fall (September and October), and again the following
spring as smolt before they outmigrate to sea in April and May. Tagging in the fall and spring greatly increases the
total number of tagged fish leaving the Unuk River. On average, 28,300 fingerlings and 9,623 smolt have been
tagged each year and smolt abundance has ranged from 165,000 to 767,000 since 1994,

Fall fingerlings and spring smolt are captured primarily using minnow traps baited with disinfected salmon eggs.
After juveniles are captured, they are transported back to camp and are anesthetized. marked, coded-wire tagged,
and held for 24 hours to assess retention of CWTs and ensure they are healthy prior to release back into the
appropriate habitats.

Fall work begins in late September and spring work begins in early April and runs through early May. Trapping
occurs exclusively in the main stem and side sloughs of the lower river.

Unuk River Chinook salmon rear at sea from one to five years and information accumulates annually on these
parent year releases as returning adults are sampled. Information of the fraction of fish marked with adipose fin
clips is used in combination with adult sampling information to estimate smolt abundance. In addition, the fraction
of these fish possessing valid CWTs released in the Unuk River is used to estimate adult harvests in the various
marine commercial and sport fisheries. The estimated harvest of a parent year is coupled with estimates of the
parent year spawning abundance to reconstruct the complete return.

Data collected from CWT recoveries, when combined with adult spawning abundance estimates, allows for
complete parent year run reconstruction, including marine harvests, smolt abundance, and marine survival of
Unuk River Chinook.

To learn more about how the department conducts this research Project operational plans are published online
annually to outline project methods, results, and data analysis, including the most recent plan which covers the
2017 to 2018 field season. The 2019 to 2022 operational plans are i press.
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Coded-wire tagging juvenile Chinook salmon in the Unuk River drainage.
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Cinch strap applied to a Chincok salmon head before it is sent to the tag lab for coded wire tag
extraction and decoding.




Horse Power

for

Unuk
Gold

By F. W. Gabler

HE conquest of Alaska's gold

has been written in beld letters

on the pages of the Territory’s

history—many times in the

= erimson blood of unfortunate

_prospectors. Hair-raising experiences,

_ tragedy, hardships, back-breaking toil

—these are common to the life of those

who struggle to wrest from Nature’s

rugged grasp her wealth of precious
minerals.

Fired with the romance of the under-
taking and inspired by exciting ru-
mors, thousands have thronged to
Alaska—to them the rainbow's end
where the proverbial pot of gold is
waiting. In their delusion, many even
expected to find shining nuggets scat-
tered in profusion on the ground or to
see sand bars glittering with the
vellow dust.

In the conguest, few have emerged
victorious. Thousands have failed, yet
the magnetism of the word “gold” con-
tinues to draw and lure the stalwart
prospector on and on to new fields,
always confident that some day he will
strike the pay streak that haunts his
dreams

Startling tales of harrowing experi-
ences have devolved from the pursuit.
Strange yarns, told by grizzled and
weather-hardened prospectors, have
come from the rivers, the mountains,
the ocean beaches and the placer
grounds. Few, however, are more ad-
ventureful than the stories told by the
river people who have relentlessly
sought the mineral deposits in the
Unuk River's stronghold.
 The Unuk flows from British Co-
* lInmbia into Southeastern Alaska. The
mouth empties into Burroughs Bay,
seventy miles by water from Ketchi-
kan. Winding between towering moun-
tains and cutting its way through
ben‘ntiful vaileys and canyons, the
swxft, shallow river has deposited her
glacial silt and sands for centuries at
the mouth, forming a wide delta
which renders it inaccessible to navi-
gation from salt water except on high

tides. Small power boats can then
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proceed up one of the sloughs a short
distance to the ranches of Harvey
Matney and the Bishops.

From the ranches, supplies, men,
and equipment must be transported on
up the main river by means of shallow
draft river boats, propelled by out-
board motors—aided at times by pike

poles and hand-lines across the bars.

The river boats are of very light
construction, generally from twenty
to thirty feet in length, drawing only
three to five inches of water when
loaded. In them, loads weighing as
much as four thousand pounds have
been transported long distances in
single trips.

FOR years, Thomas, always known as
Tom or Tommy, McQuillan, has
prospected the Unuk River Valley.
Few men know it as well. Eventually
he found his much-sought pay dirt
and, with associates, organized the

Unuk River Placer Gold Company,”

Incorporated.

The mining property lies forty-
eight miles up the river, twenty-four
miles across the International boun-
dary into Canada. Of that long, dan-
gerous water route, only twenty-four
miles is navigable to even the small
river boats. When the half-way point
is reached, the cargo must be packed
the rest of the way through rugged
country, covered with dense, almost
jungle-like vegetation.

From the boundary to the Premier
Gold Mining Company’s Unuk River
property in Canada, the Canadian
Government has built a trail. This
year, after years of earnest petitioning
on the part of prospectors and busi-
nessmen, the Territorial Government
was induced to build a trail on the
Alaska side to join the Canadian trail.
Only eight miles of this trail was com-
pleted this year, however, and this
part is at the boundary end.

The back-breaking task of trans-

porting heavy pieces of machinery and
supplies over the trail by brute
strength and grim determination is
not only slow, but expensive as well.
The Unuk River Placer Gold Company
would need equipment to test its
ground. What then?

Horses? How would one take horses
into this inaccessible country? Who
would dream of transporting a horse
up a swift and treacherous river in a
small boat?’

“Impossible!” was the ery of all con-
cerned—except McQuillan. If horses
was the solution to the problem, then
horses it would be! A fortune of gold
might be at stake! He would get them
up the river, some way. However, had
he known the experience in store for
him he, too, would no doubt have been
leath @Wéttempt the feat.

ALTER C. BLANTON, president

of the corporation, a veteran at
the mining game, was detailed to make
a trip to Stewart, B. C., to purchase
two horses from Jack Rainey, a packer.
Blanton knew of just the two horses
most suitable. He had worked with
them across glaciers and on hazardous
trails to and from the Porter-Idaho
mine near Stewart. They were horses
long experienced in the ways of the
woods and trail.

The animals, after having been pur-
chased, spent part of last winter and
all last spring awaiting favorable
weather on the Bishop ranch at the
mouth of the Unuk. Then, before they
could be transported up the river,
plans were changed. Blanton became
air-minded. . . .

We have watched the gradual de-
thronement of Old Dobbin. First the
automobile erowded him off the road,
then machinery off the farm. The
mountain fastness was one of his last
empires. Now the airplane was taking
his place here in moving mining
machinery!

The Alaska Sportsman




The company decided to employ air-
planes to transport their supplies to
the Unuk mining property. Food, ma-

chinery, and equipment, properly
packed and wrapped so as to absorb
part of the shock of the fall from the
air, could be dropped in snow banks
and on the alder slopes near the pros-
pect. Some loss would occur through
breakage, but, even so, the time saved
would warrant the expense.

The horses would not be needed by
the Blanton-MecQuillan company, but
the Premier Gold Mining Company,
working farther up the trail at the
head of the river, wanted them badly
if they could be delivered at the boun-
dary. They were sold with this stipula-
tion. McQuillan offered to “carry on.”

Here, with the advent of summer,
our story begins. A fact story that
records one of the most unusual feats
ever attempted in the development of
mineral resources.

® % %

tt] JOWARYA, Tommy!” came the
cheerful greeting from the
shore as Tommy McQuillan
jumped from his shallow river boat to
the float in front of the Bishop home-
stead at the mouth of the Unuk.

It was Preston Bishop. He grasped
the. painter—of McQuillan’s boat and
made it fast to a cleat. e

“Come for your horses, 1 suppose.”

“Yep,” returned Tommy. “Sold them
to the Premier, got to deliver ’em at
the boundary.”

Tommy handed his pack to Harold
Berg, who had accompanied him on his
fifty-six mile voyage from the Pre-
mier’s Unuk property, up the river.

Bishop immediately asked about the
change in plans, and once seated in-
side the Bishop log cabin, he related
the story. “You see, time’s short and
~ we want to get as much done as pos-

sible this season, before everything

Berg, using all his strength,
drove the pike pole into the
end of the log. . . . She took
water over the left gunwale
as she rocked.

@

freezes up again. So we decided to fly
our stuff in.”

“But you're still going to take them
horses up the river,” interrupted
Bishop.

“Right,” agreed Tommy. “And that’s
not all. I'm expecting an engineer by
the name of Don Cook and Ross Steele
and his son, June, They're coming
from Ketchikan and should be here
any day now. And you’re going to help
us until they arrive.”

“When do we start?”

“Start giving the horses their first
lessons in riding river boats tomor-
row.”

TOMMY filled his pipe and stepped
out into the darkness. It was late
July and the valley of the Unuk was
arrayed in her loveliest. A million
stars twinkled down through the spires
of stately spruce and hemiock. All was
still save for the cry of a night bird
and the rustle of leaves in the alders
as the evening breeze stirred them
gently.

Tommy carefully rechecked his
plans. Well he knew that one slip-up
on the river meant disaster, possibly
death. The river seemed to take a
Satanic joy in exacting its toll. The
books of man recorded that the lives
of ten men had been taken by the
Unuk and these records did not go
back very far. If a man entered the
grasp of the silt-laden river, it was
only a matter of moments till his
clothes, weighted with entering silt,
pulled him down beneath as surely and
inexorably as though some devil had
reached up with a clutching hand.

At length, Tommy drew on his pipe
with a deecisive air. Yes, everything
should turn out all right unless some
unforeseen obstacle presented itself.

The following morning, breakfast
over, the three men started working
on their transportation problem.

Berg, a rugged Norwegian, loaned

by the Premier people to help trans-
port the horses to the boundary, had
his misgivings. “Tommy,” he queried,
“did Ay hear you said that ve got to
train de horses fort and back, and fort
and back in da boat so dat dey dam
well know how to get in and out before
ve start oop da river?”

“These horses,” explained Tommy,
“know a lot more than some humans
I’ve been associated with. They’ll un-
derstand what we expect of them in a
few lessons.”

Hours and hours of patience were
required in teaching the heavy horses
the proper method of boarding the
light-weight river boat. Tommy would
carefully lead a horse to the side of
the boat, slowly lift one front hoof,
then gently place it over the gunwale
and lower it carefully to the floor of
the boat. When Tommy pulled on the
halter rope the horse would follow
with his other feet and finally grasp
the idea. The outboard motor was
started to get the horse accustomed to
the noise.

After numerous rehearsals for both
horses, Tommy was satisfied that his
cumbersome cargo was ready for the
trip. “We leave in the morning.” He
gave his instructions before retiring.
“Should be able to make it as far as
Clearwater Creek before night.”

SOME thirty years ago, during the
days of the earliest mining activ-
ity on the Unuk, the Unuk River Min-
ing and Dredging Company, known as
“The Daily Interests,” built a wagon
road along the river at a cost of over
two hundred twenty thousand dollars
in order to provide easy transportation
to its gold claims. ;

The Daily claims were soon aban-
doned. Nature began to reclaim the
road, but some portions are still in
evidence. Tommy chose to follow the
Daily road on foot as far as possible.

After leaving the Bishop ranch the
next morning, the horses were waded
across the slough to the bank opposite
the ranch. Here the old Daily road has
its start. The animals were walked
along the road only a short distance
before it became necessary to teach
them another maneuver. The horses
must be made to swim across the
slough to easier going on the opposite
shore.

A stout line was tied to the halter
and the line was taken across the
slough in the river boat. The horses
were then directed to cross by pulling
on the rope. This process was repeated
several times the first day before
Clearwater Creek, a distance of only
four miles from the start, was reached
that night. They considered it a good
day’s work at that.

The supplies were put ashore, the
horses staked out for the night. Tom-
my and Bishop prepared for their trip
back to the ranch. It was likely that
the men from Ketchikan would be
there and they would be needed to help
on the rest of the trip.

Taking his rifle and leaning it
against a tree, Tommy turned to the




Norwegian, gathering wood for his
camp. “I'll leave my rifle here with
you, Berg, and we’ll see you in the
morning.” With this parting, he climb-
ed aboard and the small boat was
headed down the slough.

After watching the boat disappear
around a bend, Berg busied himself in
preparations for the night. He started
to cook the evening meal. He was
hungry. At the same time, he thought
of his horses and felt that they, too,
would no doubt enjoy a meal. “Two
damn goot horses, you bat my life,” he
said as he turned toward the two sacks
of onbs. o .

What happened then had best be
told by Berg, himself. He expressed
himself forcibly to Tommy and Bishop
when they returned the next day.

THE Ketchikan party was not at the

ranch. It was late when Tommy de-
cided not to wait any longer. He and
Bishop got in the boat and, after a
couple of jerks on the motor cord, the
engine responded, pushing the blunt
nose of the vessel down the slough.

This time Tommy chose to go by a
different route—not up the slough, but
by the main river. It would bring them
to a point above where they had left
Berg. They could save time by drifting
_back down the slough from the main

. stream.

They were a mile-and-a-half up
river from the camp of the night be-
fore when they heard a shout from the

. shore. It was Berg, far from the spot
they had left him! There was one big
reason why he and the horses had not
gone farther up the slough—they were
smack up against a perpendicular
stone eliff!

Berg was walking up and down the
short beach, his fingers stroking his
heavy blond hair. His face was white
as chalk as he grasped the bow of the
boat when it beached.

“What's wrong?” asked Tommy,
glancing about in alarm. Horses and
equipment were apparently safe.

“Wrong? Wrong!” he exclaimed,
“dar’s plen-tee wrong! Ay tall you—da
whole night lang Ay don’t get wvun
vink! Dis vas vun hell uf a place to
leafe me and dem horses!”

“Well, what is the matter? Too
many mosquitoes?”

“Mosquitoes, hell!” shouted Berg.
“Bars—grizz-ily bars—all around of
me on ev-ery side. Day vas in front
and back and over har and over dar.
Ay na-ver na-ver in all my life saw
dex; so thick, ya!”

ommy and Bishop burst out in

lax‘x‘il: P a

ugh, you damn id-jois, lay but
you don’t tank it so damn fnn»n‘g:l{ym
vas har. Ay count four-teen and, py
golly, if Ay do not tank at day vas
hafing a con-vention or someting. Ven
it start-ed to get light mit day dan
day go avay, and you can bat you my
life ve move avay, also, too. Ya, you
bat Ay do not stay dar, no more!”

“Well, why didn’t you use the gun I
left with you?” laughed Tommy,

“Ya, shure, vy don’t Ay yuse da
gun, ya—vy don’t Ay?” He was now
half angry. “So soon as you and Bish-
up leafe last night and Ay got my fire
going goot, Ay tank maybe, perhaps,
da horses be hungry and vant some
oat. Yust den Ay start over to vare
Ay put de oat sack and vat you tank
Ay see, dan? Py golly, dar vas two
coobs play-ing on dem dar sack and
da mama bar was sit-ting down behind
dem, vatching. Da gun vas on da od-
der side of the old lady. Py golly, ma-
bee you vood vant to go and get da
gun, ya—but not me, you bat my life!

“Right avay, Ay tank, py golly, da
horses! Ay tank maybe sure day go
plumb cra-zy, ya! Ay turn around,
quick, but dar vas noth-ing doing, no!
Day stood dar just like not-thing ever
happen. Ay tank day vas not half so
scared like Ay vas. Dat’s vun ting Ay
can-not fig-yure out—vy dem horses
vas not scared of dem bars!”

“That’s easy,” explained Tommy.
“They’re used to the smell of bear.
They’'ve worked in bear country all
their lives. Jack Rainey bought them
from George Ball, the packer and
guide at Telegraph Creek. Lots of
bear up there.”

“Ya, shure. Ay am yoost to bar, just
like dem, but Ay do not like to hav an
ar-my of dem cum to live vid me, no!
Most all my life Ay live in bar coun-
tree, but last night var da furst-est
tam Ay ev-ver sit oop all night vid
two fire going vile two coobs playing
and dar whole fam-ilee vid dar aunts
and oonkles walking around me. Ay
cer-tainly do not like it.”

“Come on, let’s get goin’.” Tommy
fastened an end of the long rope to
the halter of Old Baldy, the gray mare.
“We can make it as far as Six Mile
Bluff today, if nothing happens.”

“That is, if Berg doesn’t run into
any more ‘bars’,” laughed Bishop.

With a frown, Berg coiled the rest
of the long halter rope and tossed it
into the boat.

ONCE across, the rope was pulled
and the mare was led into the
water and made to swim.

This time, after emerging from the
water and shaking herself like a dog,
Old Baldy turned and glanced across
the slough. Before Berg had time to
untie the rope and take it across to
the other horse, the mare whinnied to
her companion.

Without hesitation, the horse on
the ?pposibe shore entered the water
of his own accord and swam across.
Here was new evidence of the unusual
sagacity of the horses! They immedi-
ately won more admiration from all

2 norses were walked along the
edge of the slough for a mile until a
second crossing was necessary. Two
of the men crossed the slough in the
boat while the other remained with the
horses. This time they abandoned the
use gf the rope altogether. At a sim-
ple, “Go long!” and a friendly slap on
gwgmp, Old Baldy swam the slough

two men on the other side. Then

whinnied across to her partner and

the second horse again swam across.
This simplified matters greatly.

“What did I tell you?” Tommy ad-
dressed Berg proudly, “Didn’t I say
they knew more than some humans ?”

“Py golly, day are smart, all right,
all right. Ay hope day don’t forgot vot
ve learn dem ven ve put dem in da
boat.”

“There’ll be no more swimmin’ ’em
after we leave Six Mile Bluff.” Tommy
turned to Berg. “There’s a chance we
may have to go to Ketchikan if Don
Cook and the Steeles haven’t arrived
at the ranch, Bishop and I will go down
river now, so you had better pitch
camp and stay here for a few days if
we don’t return in the morning.”

Tommy paused. The Norwegian had
a worried look on his face and was
nervously stroking his bearded chin.

Tommy surmised what was going
through Berg’s mind. He chuckled.
“Don’t need to worry about bears
here, Berg,” he encouraged. “It was
my fault that you got into that jam
last night. I should have known better
than to leave you on Clearwater Creek
when there’s so many salmon in the
stream. I might have known there
would be bear feeding. You'll be all
right here.”

In the boat, Tommy and Bishop
waved to Berg on the river bank. The
rifle was tightly clenched in the erook
of an arm. “Bet he won't get ten feet
away from that gun, from now on,”
laughed Bishop.

UPON reaching the Bishop ranch,
Toramy found a message, which
had been broadcast from Ketchikan
radio station KGBU, waiting for him.
It requested that he come to town at
once.

After getting supplies and the en-
gineer and the Steeles in town, they
returned to the Unuk. After dinner at
the Bishop ranch they observed some-
thing they knew would mean more
trouble for Berg. Tommy stepped out-
side and cast a worried eye at the sky.
Dark clouds were billowing above the
tree tops. A brisk breeze was blowing,
exposing the under side of the alder
leaves.

Presently, a distant rumble reached
his ear. Thunder! Then a flash, follow-
ed by another rumble. Storm in the up-
per country, he mused, shaking his
head. Yes, it is moving down the
valley!

Calling his men, Tommy directed
that the supplies be stored in a shel-
tered place. Then came the storm!
Blinding flashes of lightning. Deaf-
ening thunder!

.Tommy glanced through a ecabin
mdow at the drenching downpour
with dismay. Sheets of water, driven
by a heavy gale, lashed against the
glass.

f‘That’s a tough break, Tommy,”
said Bishop, handing him a cup of
coffee. “Might last a week, too.”

No one knew better than Tommy
the undependability of Southeastern
Alaska weather. Now the river would
rise, making it more difficult to ne-




NATURE’S PINCUSHION
(Continued from page 12)

Though he travels both day and
night, Porky seems to prefer thg'late
evening and early morning twilight.
Just at dusk one evening, I drove from
Moose Pass to Hope on Turnagain
Arm, a distance of forty-six miles, and
observed seventy-four of these animals
‘on the trip. Barly morning drives pro-
duced almost as many. Likewise, I
have encountered a roaming Prickle-
Cub on many occasions in the dead of
night. Although he is found in practic-
ally all timbered regions of Alaska,
the porcupine density has been reduced
to almost nothing in many localities,
nearly always at the hand of man.

Other enemies consist of forest fires
and the insidious tapeworm. Wolver-
ines practically live on porcupine when
available, while lynx and wolves ac-
count for a few. Rumors are occasion-
ally heard of a coyote becoming adept
in turning the Perky on its back to
expose the vulnerable underparts, but
such instances are rare. No positive
information is at hand to show the
porcupine’s span of life, but by the
common rule of five times the period
of growth he should last for about ten
years—barring accidents.
* In that time he can destroy a lot
of trees. This is at the base of his
persecution by man. In Alaska, he pre-
fers to dine on hemiock, often spend-
ing days in one tree eating all within
reach. Cottonwoods, aspens and spruce
are not exempt. His diet also includes
about everything common to a vege-
tarian. Water lilies and other aquatic
plants likewise go into his quill manu-
facturing plant.

N THE credit side of the ledger,

however, we find at least one all-
redeeming feature in the presence of
porcupines. His utter stupidity makes
him a readily obtainable source of food
to a starving man and this fact has
been the cause of protective legislation
in a great many states. Further than
that, his meat is greatly relished by
many tribal natives and a few whites.
My own experiments in this line would
place him somewhat on the doubtful
list, but every man to his taste. A few
years ago the quills, lest we forget
them, were extensively used by the
Crow Indians in the manufacture of
combs and ornamental trappings.

‘ Porky’s marriage customs, always a
source of conjecture at any campfire,
are not very well known. I observed a
young Quiller near Eagle, Alaska, in
late August and one nearly the same
age and size in December, near Ju-
neau, Such facts and his general make-
up leave us in doubt as to how and
when he breeds.

The generally = conceded mating
season is in late fall, but so far as
I can determine the gestation period is
unknown, which seems strange when
one considers the wide range of these
animals and the ease with which they
may be approached. Ordinarily, one
offspring is the rule and, according to

.

early spring.

most naturalists, it is born in the

The nest is built in a rocky den,
under a protruding ledge, or some-
times under a hollow stump. Unlike
the fortunate members of the bear
family, Porky is obliged to stir around
all winter in quest of a living. His
vocal accomplishments consist of a
varied chatter or odd-pitched moan,
whichever seems appropriate to the
occasion.

“If he is forced to it, Porky can
swim, or rather float on his air-filled
quills while he paddles along.

Ordinarily unsociable and non-gre-
garious, = the porcupine evidently
feads a solitary life, always maintain-
ing a poker face. Wherever several of
these quadrupeds are congregated it
is a sure sign that attractive food,
rather than a desire for companion-
ship, has brought them together. It
has been said that the Quiller is al-
most impossible to tame, but I know
of a young one that made a rather af-
fectionate pet. He would crawl up to
my father’s shoulder to partake of a
morsel of carrot and seemed to thor-
oughly enjoy the performance. One
day he disappeared. Upon returning
some two weeks later, the Porky stoic-
ally set about retrieving a bite to eat
in the same manner as if the interval
had been only a few minutes.

Because of his tree destruction, for
the protection of dogs, and for use as
fox feed, many a Quiller has been
cheated of his allotted ten years. Add
to this his many deficiencies, tape-
worms and forest fires, and it is a
wonder that he can still exist in the
scheme of nature. However, the porcu-
pine will probably always be with us
and there’s a very pointed reason—in
fact thirty thousand of them!

HORSE POWER FOR UNUK
GOLD

(Continued from page 16)
gotiate. He thought of Berg and the
horses at Six Mile Bluff. Berg was
equipped with a sleeping bag and a
waterproof fly. Even so in a storm like
this, it would be mighty disagreeable.

For two days the downpour contin-
ued. Then, on the evening of the second
day, the wind subsided and the rain
abated into a slow drizzle. If, thought
Tommy, conditions were at all favor-
able.in the morning, they would chance
a trip up to Berg and the horses.

The Storm Gods smiled, and on the
next morning they bid the Bishop
ranch farewell.

This river navigation in a small
boat was'a new experience for Don
Cook and the Steeles. The swift and
now. swollen waters of the Unuk pro-
w.ded them with several thrills before
Six Mile Bluff was reached.

And there, on the river bank, was
Berg! A more bedraggled, forlorn
person cannot be imagined. He looked
fqr all the world like a sick rooster.
Fx_ve days had he spent in solitude
with the horses, awaiting Tommy’s re-
turn. He was too glad to see his friends
to complain, but he was anxious to

mmmmmm of Berg

B —————

to the mew members of the party,
Tommy set about to prepare for one
of ‘the greatest undertakings of his
life.

It was time to load horses and sup-
plies on the boat for the long, dan-
gerous stretch ahead. Uneasy glances
were exchanged by the others as Tom-
my led Old Baldy to the boat. Even
the mare seemed to sense the gravity
of the situation.

SLOWLY, Old Baldy raised one foot
and placed it gently on the floor of
the boat, then the other front foot.
She hesitated a moment as the boat
listed slightly, then, as if to say, “Well,
here goes,” she entered the boat,
bracing her feet apart fo maintain
her balance.

“Good girl,” commended Tommy,
giving her a friendly pat on the neck
as the mare timidly nosed his cuff.

“All right,” said Tommy, calmly,
“Ross, you remain here with the other
horse and the rest of you come with
me."”

The motor was started and Tommy
swung the bow slowly into the tur-
bulent stream. Then, “Hang on to
Baldy’s halter, Cook, and talk to her.
She’s pretty nervous.”

Tommy scanned the river with a
cautious eye. It was wide and swift.
The storm had flooded the river to a
dangerous height. The water was
muddy and he could not see scores of
rocks, formerly in sight, now barely
submerged by the flood waters. Fear-
ing that he might crash, he swung the
boat slowly toward mid-channel.

A shudder ran up Tommy’s back as
he sized up the situation. A twenty-
eight foot boat, he mused, four men
and the supplies . . . a horse . . . and
two miles to go before I can put the
horse ashore. . . . If she will only keep
her head everything will be all right.

This seemed worse than tight-rope
walking, trying to balance such a load
in a boat which drew hardly four
inches of water; the horse towering
six feet above the swirling river!

OMMY stood in the stern, his hand

firmly grasping the tiller. He was
listening to the rhythmic hum of the
powerful twenty-two horsepower
Johnson. He contemplated what the
result might be if the motor failed.
They would certainly be swept down
to disaster, possibly death. The motor
was in good condition, though—he had
seen to that.

He was startled from his musings
by a shout from the bow. “Look out,
Tommy! A sweeper!” For a split
second he was almost petrified with
the danger ahead. Cold perspiration
broke from his forehead.

“Ya, har, quick, swing her, swing
her!” shouted Berg, excitedly, as he
brought the pike pole into action.

_There, not twenty-five feet ahead,
du:eeﬂy in their path, was a large log,
thirty feet in length. It was sweeping
broadside toward them in the power-
ful current. Many thoughts raced

- ~—Please turn to page 22
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| bottle, using due care that our shoot-
| ing endangers no innocent pilgrim.

| Should there ever be a closed season
on bottles and tin cans we can then
very profitably construct or find al-
ready constructed some natural range
providing all the requirements for the
safety of the aforementioned pilgrim,
put up a snooty target stamped ‘‘Stan-
dard Ameriean 20-yard Pistol Target”
and see what rotten shots we really
are. About this time we shall con-
gratulate ourselves that the hand-gun
man is a solitary bird.

HORSE POWER FOR UNUK
GOLD

(Continued from page 20)
through Tommy’s mind in the remain-
ing seconds.

If he thrust the tiller hard over and
swung the boat sharply the horse
would surely lose her balance. Little
chance for her to maneuver. They
would we swamped!

He must act quickly. Tommy had
but one choice. He would have to take
it. In a flash, he thrust the tiller over
in a wild effort to miss the battering
ram. The frail little boat rolled as
Baldy’s weight shifted. Water poured
over the gunwale. “We're lost!”
screamed Steele.

Just then, Berg, using all his
strength, drove the pike pole into the
end of the log and forced the boat over
to the other side. She took water over
the left gunwale as she rocked.

There was a sickening sound as the
log grazed along the side. Not a word
was spoken. With surprising agility,
Old Baldy maneuvered her feet to
keep the balance. Her years of experi-
ence in packing heavy loads across
slippery glaciers saved the party from
a disasterous end.

Tommy, mopping the perspiration
from his brow, finally addressed Berg
in the bow. “Any of the supplies get
wet ?2”

“Not a ting but a can of gas-oline,”
came the reply.

Tommy had hardly regained his
composure hefore he sighted a large
snag floating down directly in their
course. Cautiously, he turned to avoid
it, and heaved a sigh of relief as the
snag swept past.

“That’s a welcome sight,” exclaimed

Savage

Tommy as they rounded a bend in the

river and approached the spot where
he planned to put the horse and sup-
plies ashore.

Leaving June Steele and Don Cook
ashore” with Old Baldy, Tommy and
Berg returned for the other horse. Al-
though not as thrilling as their other
trip, there were many anxious mo-
ments during the second. They dodged
more sweepers and picked their way
cautiously along the winding course.

Two miles had been accomplished
that day, making a total of eight
miles from the ranch. The next sixteen
miles were the most difficult. Tommy
could think of no one he would be more
glad to see than Sam Kirkpatrick at
the boundary. Sam would take charge
of the horses for the Premier people
and Tommy and his party would ac-
company him along the trail the rest
of the way.

Day after day they struggled on,
walking the horses along the bank
where possible and transporting them
in the boat when necessary. It was a
slow, grueling task.

On the seventh day, they reached
the International boundary. With the
greatest of pleasure, they turned the
horses over to Kirkpatrick. Only one
more stretch remained—the twelve-
mile trip along the Canadian trail to
the place it branched off toward the
Premier property. That would be com-
paratively easy, even though the trail
was not wide, It was simply a matter
of walking ahead, the horses, carrying
the packs, would follow. After that,
Tommy and his party would proceed
without the horses twelve miles far-
ther, to the Unuk River Placer Gold
Company’s holdings.

ONE more apparent obstacle blocked
the path of the horses, however. It
was a seventy-five foot bridge, in-
tended for human travel only, sixty
feet above the river. It was construct-
ed of two small logs, barely sixteen
inches through. The tops of the string-
ers had been adzed off, forming a
very springy walk only thirty-two
inches wide. It had no railing and pre-
sented a dizzy aspect to even the
engineer and the Steeles.

“How are you going to get them
over that, Sam?” inquired Tommy of
Kirkpatrick. Even Tommy was du-
bious about the horses’ ability to do

—~—Please turn io page 24
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lleft “stagnant” ice that melted there
without moving. So, since there was
no ice erosion to scatter gold gravels,
they remained in canyons thus favor-
ed, while most outlying districts were
reduced to low grade deposits in places
where they exist at all.

7hether similarly protected or re-
concentrated, some places optsule the
Yentna district show promise: parts
of the Kichatna and its branch creek
the Nakochna; Independence Creek,
which comes into Yentna River below
the forks, where gold gravels exist
that might be dredgable; and the head
of Martin Creek, east of Peters Hills,
where coarse gold was reported but
little prospecting was done till lately.
‘Also, the river bars on Lake Creek and
the lower Kahiltna carry gold and
‘some platinum which it might be pos-
sible to work by modern methods at a
profit.

The Skwentna River above Portage
Creek was unknown and unexplored
till the U. S. Geological Survey went
in, in 1926. It is navigable by small
power boats to about seven miles
above its junction with the Yentna,
then by outboard-powered skiffs to
Happy Creek, but above this point
pack stock afford the only feasible
means of travel. A flat, timbered low-
land plain, dotted with swamps, ex-
tends nearly to Portage Creek, but
above it the main river rushes down a
steep gradient through narrow, high-
walled canyons on the east slopes of
the Alaska Range.

It is a wild, rugged region of snow
peaks, glaciers and highwater sum-
mer streams, with severe cold, bliz-
zards and deep snow in winter. But
the creek bottoms are well grassed and
timbered and, though game and trout
are not plentiful, there are bear, wolf,
caribou, bighorn, rabbit, ptarmigan
and fur animals in limited amount.
There is much unfavorable glacial
drift nearly up to Happy Creek. Above
that, especially from Hayes Creek on-
ward, the rock formation is promising
and but little prospected.

On the upper river, sedimentary
shales, slates and argillites make a
sontact with granites coming in from
the Alaska Range; a condition very
favorable for mineral deposits which
should attract prospectors even though
Hayes Creek does lie about a hundred
miles from Cook Inlet. As an added
attraction, the formation extends
through a gap in the Alaska Range,
known as Ptarmigan Pass, to the head-
waters of the south fork of the Kus-
kokwim River, where coarse gold has
been reported in the gravels of a
branch stream called “Styx Creek.”
Prospectors hardy enough to winter
there might find summer exploration
very profitable.

The West Fork of the Chulitna is an
area of altered sedimentary rocks con-
tacted by intrusive dykes and up-
thrusts of andesite and porphoritic
quartz diorites. It is all much sheared,
folded and faulted, but sulphide min-
erals are widely distributed through-
out. Many deposits bearing gold, sil-
ver, copper, galena and zinc exist.
Though well prospected, vein expo-
sures are poor and often buried under
brush and slide material. But the
character of lodes discovered, though
of rather low grade, seems to indicate
that values may

: rsist to more than
average depths. Yet this area is re-

| mote and, to be profitable, bodies

The Talkeetna Mountains are rug-
ged, remote and lack trails, though it
is all an igneous-sedimentary forma-
tion which has much promise, particu-
larly the northwestern slopes overlook-
ing Valdez Creek and adjacent streams
—_also the Iron Creek country, to the
southeast. Large gold bearing dykes
exist on the upper Talkeetna River
and deposits of massive bornite, with
free gold and platinum are found on
the Kashwitna farther south.

Valdez Creek, about forty miles air-
line from the Alaska Railroad, has had
much activity in both placer and lode
mining since 1925. Placers on the main
creek and branches from the south
have produced for several years, with
valuable strikes of quartz gold made
recently.

Summarizing, we may say: favor-
able prospecting districts in the Su-
sitna drainage area seem to include
Valdez Creek and the Talkeetna Moun-
tains, with promise also in the Skwen-
tna-Styx Creek region.

HORSE POWER FOR UNUK
GOLD

(Continued from page 22)
an act of “tight-log” walking like that.

“Don’t worry about that,” returned
Sam. “Show me a horse that has
worked for Jack Rainey and I'll show
you a horse with legs trained for any
footing.”

“Now, look here, Sam,” pleaded
Tommy, “We've risked our lives and
gone through hell and high water to
get these hay-burners this far. Don’t
let’s lose them, now. Why not lead
them down the hill and ford em.”

“Rats,” returned Sam, disgustedly.
“That’d take three hours or more.”

After removing the packs, Sam led
the horses, one at a time, across the
swaying bridge. These were breath-
taking moments for all, apparently,
except Sam.

It was with great relief that Tommy,
Cook and the two Steeles bid adieu
to Berg, Kirkpatrick and the two
horses.

As they stood and watched the two
men and the horses trudging on to the
Premier property, they saw Old Baldy
stop. She half turned in the trail and
peered over her shoulder. Raising her
head into the air, she issued a loud
whinny, as if to say, “It was a grand
trip, boys! Goodbye!”

THE WATER TRAIL
(Continued from page 11)
trict attorney has his eyes on bigger
offices in the coming elections.”
“But the boy is innocent,” protested
n.

: “Now, just a minute. Let me finish.
I'm inclined to think that he’s telling
the truth, but there is only one man on
the cutter that says he thinks there
were two boats. That isn’t enough.”
The attorney’s hand tightened on Lon’s
sh?nlder.

“If Tug Moran framed your brother,
and the whole thing was not just an

him well. He

accidental meeting with the cutter, he
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IS THE MEDIUM
Through Which the Gemeral Public
Can Always Have Its Wants Supplied

Answers for advertisers will be
beld two weeks after date of last
insertion THE EMPIRE cannot as-
sume responsibility to care for um-
ealled-for-letters after that period.

Closing time for classified adver-
tisemepts: 2 p. m.

Cloging time io: display adver-
tisements: 11 a.

EMPIRE CLASSIFIED AD RATES

J10c. per line first insertion,
Gc. per line for subsequent insertions
Special rates by the month.
Count five average words to the line.

FOR Sa\Ll:. OR RBNlﬂrargunun
Rooming House; 15 rooms all fur-
pished, steam heated. Apply 89
Front St.

FOR SBALE—Five-room house with
bath.  Apply 123 Gold Street.

“FOR . SALE—Lot,

with 2 housos,

four and eix rcoms. Apply to own-|

er 323 East Tth.

‘FOR SALE—Trolling hcat Katy,
26 ft. long; 7 hnp.‘bam-y duty Re-

gal engine. Leads and spoons in-
cluded. Inquire of Sig Benson, CIly
Float.
4

FOR SALE-—9-room house, partly
furnighed. Located at 636 Park
Ave, Cheap. " Inquire of Mrs. Wm
Duniiqr.

AUTO FOR SALE — T7-passenger

in excellent condition,
Now is the time to buy, ready for
tourist trade to glacier. Apply Cap-
ftnl Coffee House.

FOR SALE--——Rarber shop with
five rooms furnighed in connection,
Apply 138 Front Street.

FOR SALE — Bargain, 4-room
House, furnished, newly painted, dec-
orated, first-class condition, Terms,
suit ]mrt'hnaer Inquire of owner,
Light €o. office.
bl Lil]

' FOR SALE—38 ft. by 10 ft. buil
T ‘for cabin. Will seell for
r Dén it taken at omece, with all
d“dguipment und lumber T have on
1 ‘Boat can be seen at the Pa-
flc Bteamship Dock. C. C. Nich-
he

e
~ ONB LOT, 50x100, corner 6th &
Kﬁ.\m; ‘with 2 houses, 6 rooms

withil t dn each house. Would

Qike: Y@ “sell ‘both for $5,000, or

elthed ‘one l.'or $2,760. Gus Ander-

fon, ‘oWner. ©

"FOR RENT_ROOMS
0 ﬁ = _‘< r

-JUNBAU ROOMING HOUSE—Over
Junean Billiard Parlors. Quiet, eom-
fortable rooms. Baggage stored while
you: dreé out cf town. Rates 60e.
per afy and up. Mrs. J. H. Ahlers,
Megr.

" .
BERGMANN HOTEL |

Fifty Outside Rooms; Steam-
huted, hot water ALL THE

TIME; Rates by day, week or
Jmnl . Mss. R. G Dl:l'. llm'

b

- ORPHEUM ROOMS

Hot and coldfrunnlng wntar
in  every room. Reasonable
ratq by day, week or month.
Cormer Main and Willoughby.
] th 896.

lOAIDING HOUSES

mmr ogu AND

Room an , $10 per week
T t hhl' Rooml. §0c, 76c
an m' ‘Meals 60c.

lﬁn lo'ndst.

‘Phone 356.
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ms. |
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| FOR RENT—Housu

FOR RENT—Furnished llmme. Mrs.
Montgomery Davis. Sixth and S8eward

FOR RENT—Llarge and small fur-
nished houses. Mrs. H. P. Hanson.
West 8 Calhoun Ave.

FOR lthNT-—lhrm and four-room
furnished houses. Inquire Mrs. R
E. Clark, 214 4th. Slrect Phone 367.

FORl HENT-—8ix-room eompletely
furnished house; electric range and
heating plant; economieal on fuel.
Call at Empire or telephone 205

FOR RENT-—4-room house, com-
pletely furnished. Phone 429,

FOR RENT—Modern houses, new-
ly furnished, clean and cozy, excel-
lent view. Ideal home for smauall
family. Apply B. M. Behrends Co.,

Inc.

FOR RENT—Apartments

® e |

I

| SEAVIEW_AND JUNEAU
ARTME

AP

Has housekeeping rooms fully
furnished which Iincludes bath,
light, water and clean linen, al-
80 phone service. All rooms
are outside rooms with splen-
did view of the Channel. ‘‘Coz-
fly" and “neatly"” furnished
and sanitary in every detall.
2, 3, 4 room apartments for
private families. Reasonable
rates. Phone 286. ‘

J. W. NICHOLS, Prop.

’

On (RE St Hort to the Gourt.

house—"The Cozy Corner of
Juneau;”" 2, R, 4 room apart-
ments fully furnished for
housekeeping . Clean and re-
spectable. Sufitable for small
families, ladies or gentlemen,
Each apartment a home by it-
pelf. Strictly private in every
respect, Including baths, ete.,
Telephone service. Warm and
comfortable. Reasonable rates.

! -~
+ MISCELLANEOQUS

PIANO FOR RENT—Fnene. 143.

SECOND HAND FURNITURE
Bought, Bold and Exchanged.

Rugs and Carpets Cleaned,
Refitted and Lald.
Telephone 418,

CHAS, ERSON
226 Becond 8t. P. 0. Box 622

USED FURNITURE
Bought Sold and Exchanged

&
——— i—.

| N. ROCOVICH
‘ 211 Seward St.
Telephone 441. P. 0. Hox 261

|

. .
| —
| PAINTING, PAPER HANGING, |
| xmoma AND . [*
I SIGN WORK F
| A VRUNDALL |
| Brunswick Building, ._I"rent 8t |
L

NOTICE OF CI{AKGE OF NAME

OF VESSEL
Notice is8 hereby g#ven that the
Commissioner of navigation has
granted authority for the change in
the name of the Ga. 8. JA-KA-DAN,
offfeial mumber 216666, to NUG-
GET. Wm. C. Wright, owner. ady

FOR CANNERIES, MILLS

MINES
No matter what make of

botler or oven, I ean bulld 1t

right for you, because I gpec-

falize in this particular line.
l G. E. KRAUSE

Ilrlcl and Stone Mason, Juneau
[
|3 ]

Old papers for sale at The Empire

BATHS

HILLSIDE BATH HOUSE—Turk-
Ish, Needle, Steam, Shower and tub
baths. Dry and steam heat. Wil-
llam Lott, expert messeuste will be
in attendance on Wednesday and
Saturday of each week. 212 FKront
St., Phone 163.
| S |

|  €ITY BATHS

I

|

Tub and shower baths. To- |

| bacco, candies, soft drinks in |
connection. Near City Dock.

£29 Front St. Phone 433. i

|

|

F. Fuller, Proprietor

MEETING POSTPONED Il i
. |
The regular mont meeting  of )
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THE RENOVATORY |

FIRST €LASS CLEANING
HATS BLOCKED

128 Front 8t. - J. B. Moon

For All Kinds of

BLACKSMITH WORK |
Call On |

JAMES CARLSON |

Willoughby Ave.

LADYSMITR COA_.L

We c¢an pow furnish you
Ladysmith coal, dry kindling,
moving and hauling of all
kinds. Phone 844%.

COLE TRANSFER €O

TACOMA GUN STORE, inc,

" Tacoma, Wash. ;
Largest supply of hunters’ and
trappers’ supplies in the Northwest
Especial attention to mall orders
Send 1-cent stamp for catalog.

|
J
]

MAN 'IN THE MOON !
PROFESSOR'S TARGET g

IN TEST OF ROCKETS
WASHINGTON, May 13- |
Test of the new rocket appar-
atus designed by Professor . H
| Goddard, to reach altitudes far
| above the earth's air envelope
, and, as a vague possibility,
even to the moon will be made |
late in July at Worcester, Mass., |
the National’ Geographic Soel- |

| ety announced.

it 9 p. m. BEach Nobie
nay Invite A’ many
;uests (Masons or pog-
agons) as desired. esent Invitation

it dgor. 'The Feg MUST be worn.

AMERICAN LEGION
Alford Jobm Bradford Post
Juneau, Alaska.

Regular meetings on third Thurs-

lay of esach month, at 8 p. m. in

dtks’ Lodge Room. Dr. H. C. De-

Vighne, Post Commonder, Phone

104; George E. Mann, Secretary
*tone 196. -

No. 4

LOYAL ORDER OF MOOSE,
Juneau Lodge 700

feets every Friday might, 8 o'clock,
doose IIall. 8. Walll}.dt, Dictator;
t. H. Stevens, Becretary.

" CIRCLE CITY HOTEL |

Has a- Real Home Atmosphere
“‘CLEAN, COMFORTABLE,
And Within Your Means.

_ ALL OUTSIDE ROOMS, BATH |
© AND SHOWERS.

Rooms 50c¢., 750., and $1.00,
See For Yourself!

William Sheort, Prop.

~CITY CAFE

THE HOME OF GOOD EATS
NOODLES, CHOP SUEY.
OPEN ALL  HOURS.

S. Tenaka, Prop. Phone 377.

City Dock.

herg, Douglas.

UP-TO-DATE Millinery work done.
New hats made out of old ones. Save
money by seeing Mrs. Schwarzen
Phone 452. ady

night,

George R. Goshaw, formerly United |

States Deputy Marshal in the Third
Division, who has béen in the Nome
country and the Alaska Interior buy-
ing furs for two years, recently left
for New York He made the
overland from Nome.

A mail ‘service has been estal-
lished between Sulzer and Chomley
A contract for the delivery of the |
n.ail has been awarded (o E. L will |
iams  who carried the mail from
Kétchikan ‘to the portage at Sulzer,
owner of the Rough Rider and the |
Taku II.

Salvage from the
and Libby barge,
is  being brought

MeNeil
Wave

Libby,
Dashing
into

of machinery and ecannery supplies,
have been saved. The Dashing
Wave was wrecked a few weeks ag)

bound from Seattle to Alaska,
P. L. Neil, Posteffice inspector,
paidd Postmaster J, F. Warder of|

Ketchikan, who has resigned, in order
to accept the position of
States Commissioner at Ketchikan
the compliment of saying: “You
have the most efficient and accommo
dating office in the country and
the department regrets losing such
a competent executive who has hand-

led the local situation s0 success-
fully.”

The Pelershurg City Council has
elected L. J. Morrison City Clerk
and Magistrate, C, C. Clausen City
Treasurer, W. P. Mowes City Elec
trician and E. N, Ohmer Chief or the
Fire Department,

Anton Eide, for the Road Com-
mission, has started work on the

road from Pelersburg to Scow Bay.

Rev W. J. Maakestead, pastor cf
the Lutheran church at Petersburg,
has left that place for Tacoma,
where he will reside in the future.

Robert W. Kellen, old-timer of the|
Alaska Interior and father of Murs.
M. A. Schaeffer and 0, W, Kellen,
died hecently,

R. E. Small, of the Seatle firm of |
Kelly-Clark Company, who has “re-
turned fo Seattle from a trip through-
out the KEast, says the outlook Is
for a marked improvement in the
salmon market, He predicts there
will be little difficulty In selling the
1920 pack.

Ketchikan will appropriately ob-
serve Memorial Day, May 30, Among
the features.of the obscrvance will
be a parade in which the American
Legion will join.

M. S. Dobbs has been elected school
tax collector at Ketchikan, vice Geo-
rge Woodruff, who was ecalled to
Seattle to attend to his Tather's
fur business on account of the (l-
ness of the latter.

Joe Ulmer of Ketchikan, who took
i party consisting of H, A. Warner,
Perry Warner and Willlam Fortuny
to the Unuk river and returned to
Ketchikan, says the season is a
month late at the Unuk. The Warner

| party is taking supplies and an out

fit up the Unuk river for a party
of engineers who wil mark the inter
national boundary at that place with
monuments, They will take the out
fit up the river jn a poling boat and
expect to be back at the mouth of
the river to meet the engineers May
17th.

We are helping to bring down
the high cost of living and still
serving the same good meals. Alas-
ka Grill. adv.

trip |

i

|
H
i
I

Ketehikan., 3
A large part of the cargo, consisting [

United |

Up-to-date housewives always have checking ae
counts and pay all their bills by check. The habit
induces thrift, order and a business system in buy-

ing for the home,.

Remember that canceled checks are
the best kind of receipt.

The First National Bank of Juneau

Second-Hand 1-in. Plow Steel Cable, 6-19, in Good
Cdmlition. Apply

ALASKA GASTINEAU MINING COMPANY
Thane, A.laska.

.

£ : g

have mno

S
OLIVER OLSON
Agt., Douglas

Agt,,

FOR PRINCE RUPERT, VANCOUVER
VICTORIA, SEATTLE

“PRINCESS MARY”

Leaves Juneau, May 3, 13, 24.

Buggage, bonded through to Seattle,

trouble or delay account customs oOr

immigration regulations.
DAVE EVANS

Thane

R. F. RICHARDSON, General Agent, Juneau. _

Passengers

L. 8. FERRI8
Agt, Treadwall
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NORTH—ABRWE JUNEAU
Alameda

Northwestern ... May 10
Jefferson ... May 12
Alaska ... May 16
Alameda ... May 23
Jefferson ... . May 24
Northwestern May 30

W. E. NOWELL, Agent, Juneau; Phone 2.
ELMER E. SMITH, Agent, Douglas; Phone Douglas 33.

® ALASKA |

. STEAMSHIP CCMPANY
*  SAFETY — SERVICE — SPEED g 0
Tickets to Seattle and Tacoma

S. S. Alaska, S. S. Alameda, S. S. l\orlllwulem
and S. S. Jefferson.

SOUTH—FROM JUNEAU
Alameda
Northwestern ..
Jefferson ..............
BINER . .. casamnas
Alameda ...
Jefferson ...
Northwestern

IO iR s i

Admiral Watson .

Spokane ... ;'-.
Admiral Evans......May 10
City of Seattle....... May 11

SAFETY COURTESY

A 'Msy-‘laé" :
May 8 52 + May 8
4 ; May 14 May 26
May 15 May 17

Three Bailings per Week frmn Seattle, San Funolscu 1.08 Anlelu
and San Diego :
TICKET OFFICE ON ADMIRAL DOCK; J. H. KLINE, Agt. Phone 4.
GUY SMITH, AGENT AT DOUGLAS; Phone 18,

SPEED

_SERVICE

, General Hauling, Baggege

Alaska Transfer Co.

Contract Hau.lmg

Coal.
Main 8t. Phone 45
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STAN BISHOP—A TRUE SOURDOUGH

COMING TO ALASKA AND THE YES BAY HATCHERY

Stan: I told Mrs. Hoover that my biggest ambition was to go to Alaska. So she said. “Maybe we can help you, Stanley.” So she told Mr. Hoover
about it, he was still Secretary of Commerce at the time, and he arranged for me to come up on a Bureau of Fisheries boat.

[NOTE: It’s hard to establish the chronology here, but My. Hoover was Secretary of Conmerce until elected President in 1928. 'm assuming Stan first went
to Alaska and the Yes Bay hatchery in 1928—he would have been about 16 years old then. BH]

So I was a “pull-punk.” Local boys never got through rubbing that in. But I made my way through just as tough conditions as they did; I did
more work than they did, too. So it was more joking than malicious, but they never let me forget that I was a “pull-punk.” You got your job
through pull. But I'll never forget them: I'll never forget Mrs. Hoover. I lost track of ‘em after I was up here a few years, but I still remember the
number of their house, 327 Laredo Street, I can always remember that.

Then I went back and went to school, finished high school. I had to take an extra year of high school because I was short one credit...took a
whole year...

Don: Where was that, Stan?

Stan: California. I managed to graduate and after I graduated I came back here and went to work for the people who were running the hatchery
[at] Yes Bay. It was up on Lake McDonald. It was a big operation. People don’t realize the extent of the operations that went on here when we
were a territory... Don: Is that a sockeye stream mainly? Stan: Sockeye, yes. We released about 40 million fish a year. At that time the sockeye
run was just about wiped out in that part of the country. The Yes Bay run used to be a big prolific run and they just wiped the fish out, between
their fish traps and everything. If it hadn’t changed, we wouldn’t have any fish today at all. Nobody was doing any conservation at all and the
fish were deteriorating all the time. But the sockeye came back into Yes Bay after...thanks to the hatchery.

Yes Bay Hatchery Building ca 1932
on north shore of Lake MacDonald

But there would have been lots of improvements that we could of put in but when you’re running a hatchery you have to comply with their
regulations and everything, and we weren’t allowed to protect the fish once we turned ‘em loose in Lake McDonald, which we could have done.
We could have protected them a lot more than we did.

[Stan’s enthusiasm for Alaska and interest in the Unuk River area was evident in a letter written April 24, 1932 by Stan’s boss, Alphonse
Kemmerich. Superintendent of the Yes Bay fish hatchery from 1928 until its closing: “Stanley Bishop returned from his trip of adventure to the
Unuk River country. He left a day or so before we went to town. He returned yesterday. Got a wolf on his trip. I saw him at the cannery last
night. He was all excited over his journey. "]

Stan: I got a story to tell about Sam Bartholomew, who ran the Murre, a Bureau of Fisheries patrol boat [when Alaska] was still a territory... I
bought this boat from this guy in Seattle and he shipped it up here, and it had a Model T Ford engine in it, conversion, and I started out from
town. Filled the tank, it had an automobile tank for gas. And I ran out of gas up at Bushy Point, and I didn’t worry about it, I had a pole on there
and I raised the pole and took a blanket and hung on it. And I was sailing along at a pretty good clip up toward Yes Bay and here this Murre, the
patrol boat, came along. And he came to a stop. And he said, “Where you goin’, kid?” And I said, “I'm on my way to Yes Bay.” “Well,” he says,
“what are you sailing for?” I said, “Well, I've run out of gas.” “Well,” he says, “come on here to Bushy Point and we’ll anchor up and give you
some gas.” So they did, they went and anchored up and while they were siphoning gas out of the tank, he says, “You go down and have lunch
with the cook.” That was the way they did things in those days, you know.

So I had a good meal and I got out of there with my pockets full of apples and oranges and stuff and they said, “Well, your tank is full and we
gave you five gallons extra.” And I thanked him and I got on my boat--I just had it tied up with one line at the bow--and they pushed the boat off
and I went down and got the engine all ready and I started it up and I heard a lot of yelling and screaming and I ran out to the cockpit and here 1
was headed right square for the broadside of the Murre. And this Model T Conversion had this old transmission in it and when the oil was cold it
dragged, there was no neutral to it. So my wheel was...the prop was turning around and here I was headed right for Murre! So I just threw myself
against the tiller and I grazed right along the bulwarks on the Murre --that was how close it came--and I heard Sam yelling out. “You God-
damned, crazy kid!” He says, “We give you gas and food and you try to ram us!”™ And I was too busy to pay much attention to it, but I got to Yes
Bay. Sam came into town and told a story about “the damn kid I gave gas to up at Bushy Point and he turned around and tried to ram us!”




Yes Bay and Cannery ca. 1932

Stan: ... When the new [Roosevelt] administration came in it became a different division. It was under Department of Commerce to start with,
which had charge of the Bureau of Fisheries. All our fisheries were handled as a territory then, of course. Then when it changed over to
Roosevelt’s administration, they did away with the hatcheries up here. Closed ‘em all down. And we were given a choice of going down to the
states and getting into a sport-fish hatchery, or quitting...If we wanted to stay up here, we just lost our job. So I just told ‘em I wasn’t moving

away from here.
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STAN BISHOP—A TRUE SOURDOUGH

THE UNUK RIVER

An Alaska Dept. of Fish &Game; technician on the Unuk River in the Spring.

Photograph property of the Alaska Dept. of Fish & Game
Permission gramted to reproduce.

Louise: So that first winter at Yes Bay, did you all live in a cabin there?

Stan: Well, we stayed in this cabin and then the next spring I went up and visited the Unuk River. I bought an outboard, but it failed on me on
the very first trip. [ had a 17-foot dory and I rowed it from Yes Bay to the Unuk River.

Don: How did you like to row, standing up?

Stan: Standing up. it’s the only way you can row for a heavy boat. It’s the only way you can put full force on your oars. Especially a dory. It's
got high sides on it and you can’t sit in a dory, you can hardly reach the water with the oars if you're sitting on the seats. But by standing up your
oars are sharper, down the sides; then you can put your legs into it. too. It’s not coming all in your midsection.

Don: It’s in your shoulders.

Stan: Yeah. So that’s the only way to row a long distance and you can do that all day long. Sometimes your feet will get tired, but it’s the only
way to row a long distance. Some days I wouldn’t make hardly any mileage at all and other days I could sail a little bit of the time. So it took me
four days to get up there. And that winter Harvey Matney had moved into the Unuk, so he’d just started out, too. And he had quite an outfit. He
moved all his floats and his donkey engine in there. He’d been logging down in back of Spacious Bay. But he was going to start a farm up there.
He had everything figured out.

This topographic map shows the “Matney Ranch”
near the mouth of the Unuk River
and the “Bishop Ranch” just northwest on the Eulachon River.

Stan: And he persuaded me to come back up and stay with him that next winter. Which we did. I went back and we got the boat loaded with
groceries and meanwhile I'd bought a little double-ender power boat from a guy in Seattle. And that was our sole means of transportation,
besides my dory; ‘course that dory was big enough I could load the whole family’s belongings in it and tow it behind. It was a regular old-
fashioned codfish dory. So we spent the next winter on the Unuk and I spent most of my time cutting wood.

Louise: Were you right there by Matney’s place?

Stan: Up towards the rock there. Big whirlpool. You know I've seen ice come down there and pile up ten feet thick. Come down and hit the
rocks there and slide up and fall back on top of itself, layer after layer of it, until it got eight- or ten-feet thick and then it would come over in a
big crash and the whole thing would splinter up. And when there’s a high water--which we went through two of ‘em while we were there--the
amount of action from the river against that bluff is just something you can’t describe. Whole trees come down there and hit that bluff where the
turn 1s, a whole tree with the roots might stand straight up and down and then fall over. We had 28 inches of water on our island which is farther
up the slough there.



up the slough there.

In fact the water was so swift I couldn’t take a chance on going out to our barn because I was afraid of getting swept off my feet. We lost a lot of
equipment because we didn’t have it up high enough. I had a farm tractor...the water covered part of the farm tractor.

Louise: I don’t know how you survived a winter up there...

Stan: Well, from day to day, one day at a time. Like I say, I cut wood continuously with a crosscut saw. Everyday I cut at least two or three
blocks and by late in the winter, the freezing weather, it was about a two-inch thick rind around every log. It was just like bone; you couldn’t saw
it, you had to chop it off. I’d chop a ring around, and then saw the rest of it with a crosscut saw. Then you burn about three times the amount: in
fact, you had to burn one wood box full to dry out enough to burn one stove full. And we had wood in the oven all the time, trying to dry it out.

Don: Much wind, Stan?

Stan: Oh, just screams out of there. Coming down the river. It'd be out of the question to go, even if you could get out of there, it still would be
out of the question. All you have to do is be down at Grant Creek and see it, where the wind is so hard, there’s no waves: it just picks the water
up and it’s smooth, but the wind is blowing snow and spume level with the water. And whirlpools, just constant whirlpools. I never had any
measurement for the wind, but I would guess it was blowing a steady 50 to 70 miles an hour all the time out in Burroughs Bay there.

Louise: But that winter you had your family there...that must have been difficult?

Stan: Yeah, my brother and sister and my mother, and we were constantly fighting off the winter. You’d go to sleep at night and in the morning
you'd wake up with your bedclothes frozen to the wall. This little float house that Matney gave us to stay in wasn’t built for that kind of weather
at all. Tt had no insulation in it and the wind came right through the walls, through all the cracks. And wherever it found a erack your body heat
would create condensation there and quite often your bedclothes would freeze solid to the wall. You’d have to get up and carefully pull them
loose, so0 as not to tear the fabric. But all in all, it was quite an exasperating winter.

Louise: Well, you made it through that first winter on the river, what did you do then?
Stan: Then we took up the island, our island as a homestead.

Louise: Now, your father stayed i California?
Stan: He wasn’t interested in Alaska at that time.

Louise: He DID come up, though...
Stan: Yes, we sent for him to come up. Mother told him she wasn’t going back down there to California so he came up here.

Don: When you said you were farming, what were you farming, Stan?
Stan: Oh, we grew almost all the hardy vegetables. And when I took up my own place on the Ooligan,[Eulachon River] I had quite an extensive
operation in there. I grew vegetables and brought ‘em to town during the war. [World War IT]
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STAN BISHOP—A TRUE SOURDOUGH
PLACER GOLD MINING ON THE UNUK

Stan: I had a placer mine on Sulfurettes Creek, clear up [at] the head of it. Close to seventy miles from the mouth of the [Unuk] river.

Don: Did you get a lot of good ore out of there, good placer?

Stan: Well, I brought placer out for three years.... I just scratched the surface. But I sold my gold to Gus Pruell. It was all jewelry gold, all big
heavy gold. And then Walt Blanton bought one batch that I brought down, $3800 worth in one bottle. The price of gold at the time was $27. Gus
gave me a little bit of an edge because it was jewelry gold and he didn’t have to do anything, except burnish it up a little bit. The strange thing
about this gold was that most of it was black because it had been deposited in pyrite millions of years ago, and it had gotten black from the iron.
And my first pan that I took and I found coarse gold in; I didn’t know what I had. I could see these chunks of black stuff that hung back in the pan,
and I picked a piece up and scratched it on the bottom of the rusty pan, and it was gold. But it was as black as coal.

Don: I’ve never heard of that!
Stan: But I put the gold in bottles and put baking soda in with it and after a week or ten days, it had eaten most of the black off the gold.

Don: It was just on the surface of the gold?

Stan: Well, where the gold was, which was down in bedrock, either on bedrock or in artificial bedrock, which would be any part of the pyrite
formation where gold comes out, it usually lays on top of the pyrite because pyrite is heavy, too. It’s almost pure iron, and the gold, a lot of times,
is spread out on top of this pyrite bedrock, a false bedrock. So that’s a whole story in itself.

Don: Is that close to where Duke Killbury had his mine?
Stan: Well, he took my location. Yeah, he jumped my claim...

Don: That old rascal!

Stan: I was sitting in my house over at Temsco, I used to own a house there where Temsco is now, and I heard the telephone ringing and I
answered it and he says, “This is Duke.” I said, “Duke who?” He said, “Duke Killbury. I’m sitting on your claim up on the Sulphide. And here it
was in the dead of winter. I couldn’t even believe him! I said, “Well, how can you do that?” He says, “Well, I’ve got a radio up here.” He had a
radio; he could reach Vancouver and have it rebroadcast up this way. So he called me to gloat over the fact that he had jumped my claim up there!
That was unusual; I tell you, I could hardly believe it when he said where he was. He said, “I’m up on the Sulphide.”

Don: Were you able to do anything about it,
Stan? Stan: No, I didn't.
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STAN BISHOP—A TRUE SOURDOUGH

FREIGHTING ON THE UNUK

Stan: When I was developing the Ooligan, ‘course I was doing other things at the same time...

Louise: That’s what I was thinking...you were trapping and freighting...

Stan: When I first started freighting on the Unuk River with my big 30-foot river boat, I had an outboard which we thought was a big deal.
Don: Did that [boat] have the house forward? 60-footer, maybe?

Stan: Yes. We went over to Stewart and I bought two horses from ... the old packer over there who had horses, he had around 20 horses, and he
told me he’d give me two horses that were best suited for me. He said, “They’re not young, they’re old horses but they’ll probably know more
about packing than you’ll ever learn.”

Don: And did it work out that way?

Stan: Just exactly. These horses knew more about it than I did. To give you an illustration of it, after we built the trail we had logs across a lot of
the little creek beds that we’d hewed the top down to maybe a 12-14-inch top. And one of these was a pretty high drop-off, if you fell off the log.
And I decided my first trip up that I would cut a trail down for the horses and ford the creck and then come up the other side, instead of walking
across this little log. So I left the horses standing up at the top and I went down and brushed out a trail, nice neat trail into the creek bed, and I
heard something thumping up above. And I looked up and here old Mike was starting across this log, one foot ahead of the other, very carefully,
and he couldn’t put two feet together, he had to swing his legs out to come around his feet. And then old Dutch followed him and they made it
perfect and here [ was working myself to death to...(Lots of laughter) But that’s a good example of it, ‘cause a lot of times they would go places
that I didn’t think was proper for them.

I brought the horses out to Hyder and loaded ‘em at Hyder. I walked ‘em down the pedestrian float and put a couple boards up and they walked
‘em on to the side of the boat, put one on each side of the gurry house, instead of having an open hold, he had kind of a little raised deck there and I
put a horse on each side. And those old horses stood there as calm and collected as could be on that trip all the way down the Portland Canal and
up...I took them off here at Ketchikan and walked them off of the boat and onto the float and down the float and up the pedestrian ramp at the
machine shop there. That was a new slip there at the time and I figured it was perfectly safe.

And another thing the horses did, they didn’t shake anything when they walked on it. They didn’t have any cadence at all, they just put their foot
out and would tamp it up and down a couple times and they’d move ahead a little bit, that’s how they got by with so much that a normal horse
would ruin, you know. You get a horse that has a cadence to their gait and they start to walk across something like that and before you know it the
whole thing is shaking itself to pieces.
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Pioneers of Southeast Alaska

Bruce Johnstone
By Louise Brinck Harrington

August 17, 2006
Thursday PM

Ketchikan, Alaska - In 1994 my husband and I bought an old classic yacht,
the DUCHESS, and invited Bruce to accompany us on 3 trip around
Revillagigedo Island. When he agreed to go, we stocked up on food and fuel,
started off and I wrote the following story about the trip for The Alaskan
Southeaster Magazine.

The Man Who
Hand-logged,
Hunted, Trapped,
Prospected and
Became an
Alaskan Pioneer

White mist covers
the mountains and
settles along high
granite ridges as
the DUCHESS
chugs her way
into Rudyerd Bay.
It is September
and patches of
devils club are
turning yellow and
orange, bright
against an
evergreen
backdrop;
cottonwoods
shimmer like gold
in the fall
sunshing, and red
alder leaves float
into a rain-washed
stream.

From the deck,
Bruce Johnstone
surveys the bay.
The high granite
cliffs look much
the same as when Bruce Johnstone on the Rudyerd River

he arrived as an

11-year old-boy in 1920 with his father, mother, two brothers and two sisters.
Bruce was born in British Columbia, in a place called Deserted Bay. His father
Charles Johnstone moved the family further and further into the wilderness,
while his mother Dora, a former schoolteacher, taught her nine children to
read and write in some of the most remote locations of British Columbia and
Southeastern Alaska.

As the DUCHESS approaches the head of the bay, Bruce points to the grass-
covered stump- filled river flats. "There used to be so many bear in there we
didn't even bring our hunters in. It would be too easy, no challenge."

In former years Bruce was a bear hunter and big-game guide who learned to
hunt here in Rudyerd Bay. As I stand beside him on the deck, spellbound by
the beauty surrounding us, I encourage him to talk about this wild country
that he knows better than anyone else.

He tells about his trap lines: the one that ran up Rudyerd River and the other
up One-Eyed creek, which was named for Bruce's father who lost an eye to
the thorny devils club branches that still grow along the bank.

He talks about his first encounter with a bear that got caught in his wolf
trap: "And what I thought was a wolf turned out to be a grizzly cub. As I
stood there trying to figure out how to shoot it, I realized the crows that had
been all over had disappeared and the only sound was the rattle of the trap
chain, the cub trying to get out. Then I heard another noise behind me. I
turned around and looked up at a sow grizzhy."

Bruce shot from the hip, then turned and ran until his lungs hurt so badly he
had to stop. When he mustered up the courage to return to the trap, he
found the sow slumped with a hole the size of his fist through her neck. That
was the year Bruce turned 12.

He explains how his family lived in three different locations in Rudyerd Bay,
the first near the mouth of the bay. Here the steep tree-studded cliffs
provided good terrain for hand-logging but were prone to landslides, which
made Charles Johnstone nervous. When a slide came down too close to the
cabin, he moved the family to the river flats where the bay divides into its
north and south arms. But another too-close-for-comfort slide forced them to
move again, this time to the beach near Nooya Creek, where they lived for
four years.

His face turns solemn as he gazes up the creek toward Nooya Lake, which he
says is the most beautiful place in the world and where his late wife's ashes
are buried. He pauses and then tells about Helen and how they married on
March 1, 1955 and moved immediately into a small cabin at Clover Pass.

The night they moved in, the temperature dropped to below zero and the all
line to the cabin froze. Even inside the cabin all the food froze, as did a can
of water right next to the stove.

The next day Bruce took the bus to town, bought a blow torch and thawed
out the line. What a honeymoon!



As we leave Rudyerd the following day it is raining, hard and straight down,
and the DUCHESS rolls from side to side as she enters Behm Canal. From the
pilot house, Bruce points out to the lava-formed Eddystone Rock, which rises
from the middle of the canal to a height of 237 feet and seems to dominate
the entire area.

"The old Indians tell a story about that thing just drifting in here," he says,
observing Eddystone intently. It is the final resting place of another relative,
his younger sister Kate, who died in 1933 and spent much of her childhood in
the area.

We tie up to a buoy at Ella Bay, where the Johnstone family built a sturdy log
cabin in the fall of 1920. Ella Creek flows into the bay from the west about a
quarter mile south of the old cabin site. One December night Bruce and his
brothers Jud and Jack decided to hike up the three-mile creek to its
headwaters.

"About three days before Christmas, it was," Bruce recounts with a twinkle in
his eye," ten o'clock at night. At the top of the trail there's an overhanging
cliff and we had a fire just inside the drip. We saw this thing walking along a
game trail. He stopped, turned around and looked at us, and then walked off.
He was dressed in an old buffalo jacket and shoe packs with rubber bottoms
and leather tops. You could see the cliff right through him."

I have heard this story before and give him a skeptical look. "Go ahead, I dare
you," he says. "Go up and get a picture of the French Ghost!"

Because the phantom wrote his name in charcoal, Jacques, on the back of
the cliff, the Johnstone brothers dubbed him the "French Ghost." And Bruce
swears the ghost was seen a few years later by a Crown-Zellerbach crew, in
broad daylight.

"One loggers axe is still sticking in the tree," Bruce laughs.

Leaving Ella Bay, the DUCHESS heads north, up East Behm to Burroughs Bay.
Though the rain has stopped, evening approaches by the time we arrive and
tie up to a buoy near the mouth of the Unuk River. The mist drifts lower and
lower, settling on the river in wispy strands.

In the early thirties, Bruce and his brother Jack prospected up the river, as
far as the Canadian boundary and beyond. Bruce says it wasn't the gold so
much as the chase, the thrill of the hunt. It was on a prospecting trip in 1935
that Bruce came face to face with "Old Groaner," a wounded grizzly who
earned his name for haunting prospecting camps and making strange moaning
sounds.

The old bruin had been groaning around for years, according to old
prospectors, but never before shown himself to a human being. For some
reason he decided to not only appear, but charge while Bruce was staking a
notice on a claim!

Before Bruce could reach for his .405 Winchester, his dog, Slasher, attacked
the bear, chewing and holding onto its hind foot. This gave Bruce time to grab
the gun and fire. It took three shots to kill Old Groaner who crumpled at
Bruce's feet! He turned out to be a giant bear with a skull measurement of 17
by 11 inches.

But in 1958, Bruce was not so lucky. One September morning while on a
moose hunt, he took a shotgun and went out on the Unuk River flats to bag a
few ducks for camp meat.

At first he did not even see the three hungry grizzlies lurking in the willow
trees and brush. "It was one of those things that aren't supposed to happen,”
he explains. "But that year there were few berries and hardly any fish and the
bear were starving to death.

"It was a big old boar, a sow and a two-year old cub. I thought I'd better kill
the biggest one first, but just as I pulled the trigger, the female hit me. So
instead of shooting the boar where I wanted to, I just shot his eyes out."

After Bruce wounded the boar, he finally managed to kill the female, but not
before she "chewed me up pretty bad." A group of hunters from the lodge
further up the river heard Bruce and the sow down on the flats fighting, and
came to his rescue. They killed the third bear, laid Bruce out on the pilot
house floor and doused his wounds with whiskey to prevent infection. They
brought him to town, where the recovery process took years and two hip
replacements.

MNow as we climb into the skiff, my husband at the tiller, Bruce points to the
flats where the attack took place.

"Over by that willow bar," he says.

He also points out a cliff at the entrance to the river. On the steep gray rock
is a red-stained pictograph, an Indian drawing that is so old even the old-
timers say it's been there forever.

At the rustic lodge called Unuk River Post we meet Bruce's friends, but don't
stay long for it is getting dark. As we head back, it is difficult to find the river
channel, which can change from day to day and hour to hour, and Bruce
stands in the bow, directing my husband, first to the left, then the right. Fog
drifts in and out as we maneuver around sub-merged snags and sand bars.

Finally we round a bend and the lights of the DUCHESS appear. "Next time,"
Bruce yells as the engine slows, "we'll borrow a jet boat and go all the way to
Lake Creek!"

This is just one of several trips Bruce has planned. Though now 86, he plans
to visit Smeaton Bay to look for an old jawbone he found 40 years ago and
left on a rock ledge and to stop by Yes Bay to search for a cache of gold
buried in the 1920s by an old character named "Yes Bay Johnnie."

I'm locking forward to the trips too, and making him the subject of future
magazine articles.

At dinner on the last night Bruce comments that if he could turn back the
tide and live his life over, he wouldn't change a thing. He has trapped, logged,
hunted, guided, prospected and panned for gold. He has been a fisherman,
mill worker, husband and father. The only thing he has not done, he says, is
fish for halibut on a big halibut schooner.



Louise Brinck Harrington is an author and
freelance writer living in Ketchikan, Alaska.
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INTERNATIONAL BOUNDARY COMMISSION

JOINT REPORT

UPON THE

SURVEY AND DEMARCATION OF THE BOUNDARY

BETWEEN

CANADA AND THE UNITED STATES
FROM TONGASS PASSAGE TO MOUNT ST. ELIAS

IN ACCORDANCE WITH THE CONVENTION OF
JANUARY 24, 1903; THE AWARD OF THE TRIBUNAL
APPOINTED UNDER THE CONVENTION, SIGNED
AT LONDON, OCTOBER 20, 1903; AN EXCHANGE
OF NOTES BETWEEN THE GOVERNMENTS OF
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MARCH 25, 1905, AND THE TREATY SIGNED AT
WASHINGTON, FEBRUARY 24, 1925
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J. M. WARDLE, 1947-1950 THOMAS RIGGS, 1935-1945
J. LESLIE RANNIE, 1950-1951 JOHN A. ULINSKI, 1945

]. E. R. ROSS, 1951~



INTRODUCTION

This report on the establishment of the International Boundary line between
(‘anada and the United States territory of Alaska. from Tongass Passage to Mount
St. Elias, is submitted in accordance with Article VI of the Convention of Janus \ry
24, 1903; the Award of the Alaska Boundary Tribunal, signed October 20 of the
same year; the exchange of notes between Great Britain and the United States
relative to the Award, signed at Washington, March 25. 1905: and Article IV of
the Treaty of 1925

Although the first move to have the boundary line established between
Canada and Alaska was made in 1872, no definite action towards undertaking a
survey for that purpose was taken until 20 vears later, when a convention was
signed in Washington. Article I of the convention of 1892 stipulated that a
“coincident or joint survey” should be made of the territory adjacent to the
boundary line between latitude 54° 40’ north and the point where it intersects
the 141st Meridian. A joint survey commission was accordingly formed, which
functioned from 1893 to 1895. In carrying out their survey the commissioners
adopted the newly developed phototopographic method, particularly suitable to a
country abounding in precipitous mountains, deeply crevassed glaciers, treacherous
snow fields, and swift, uncertain glacial streams flowing in part through deep
canyons, where the methods of topographic surveying generally employed in less
rugged terrain would be extremely difficult and slow.

When the members of the Alaska Boundary Tribunal were in session they had
before them duplicate signed copies of the maps accompanyving the report of the
commission of 1893-1895, and on these they marked the course the boundary line
was to take. FEast of Stephens Passage, however, they left parts of the line
undefined, as the topography on the commission’s maps in that area did not
extend far enough eastward. The task of identifying and marking the boundary
line as decided on by the Tribunal, and of defining the parts not specifically indi-

cated by them, devolved upon the newly appointed International Boundary Com-
missioners, O. H. Tittmann for the United States, and W. F. King for Canada.

The field work of delimiting, marking, and defining this section of the Inter-
national Boundary line was started in 1904. It comprised in general the extension of
nets of triangulation to the boundary area from the U.S. Coast and Geodetic Survey
triangulation along the coast, identification of the boundary points of the Award
and the exchange of notes and the projection where practicable of straight lines
between them, phototopographic surveys additional to those made by the com-
mission of 1893-95 of the country adjacent to the boundary line, setting monuments
at suitable sites to mark the boundary, connecting the boundary points with the
triangulation for the computation of their geographic positions, and cutting a
20-foot wide vista along the line in timbered areas. The nature of the terrain
was such that the boundary could be most easily reached by way of the numerous
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INTRODUCTION

inlets, rivers, and glaciers penetrating the coast,. and as direct communi.cation
along the boundary between any one river or glacier an.d the next was SQ‘dlﬁiC}llt
as to be practically impossible, the work was done by isolated parties, Canadian
and United States, until the virtual completion of the demarcation of the land
section of the boundary in 1912. During the years 1913-1914 the demarcation of
the remaining water boundary was completed by a Canadian party. Some minor
adjustments to the line were made and some further field work was done by
Canadian and United States parties in 1920. Maintenance in later years has been
carried on under the provisions of Article IV of the treaty of 1925.

The geographic positions of the boundary points and turning points, and the
boundary triangulation stations were originally based on the Southeast Alaska
datum. Later it was found necessary that they should be based on the 1927
North American datum. As the duties of the Commissioners had been increased
by the treaties of 1908 and 1925 to include the work of surveying, marking, and
maintaining the entire boundaries between Canada and the United States. the
necessity of work elsewhere after the completion of the field work from Tongass
Passage to Mount St. Elias in 1920 did not allow the dispatch of field parties to
that distant region. Consequently, the field work of connecting boundary stations
with those of the United States Coast and Geodetic Survey based on the new
datum in the coastal regions was done at convenient times by co-operative arrange-
ment between the Commissioners, the Geodetic Survey of Canada, and the United
States Coast and Geodetic Survey.

The land section of the boundary is marked by 192 boundary points, and
there are 29 houndary turning points in the water section referenced by 53 monu-
ments. The total length of the boundary from the point B of the award at the
mouth of Tongass Passage to the southern extremity of the 141st Meridian
boundary on the west shoulder of Mount St. Elias is 808-2 miles, of which 98- 4
miles is over water and 709-8 miles is over land. The preparation of the 13
topographic maps that accompany this report is deseribed on pages 145 and 146.
The area covered by the contoured parts of the maps is about 32,000 square miles,
about two-thirds of which is above tree line, and about one-third is perpetually
covered by snow or ice.
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CONVENTION SIGNED AT WASHINGTON, JANUARY 24,1903, FOR THE
ADJUSTMENT OF THE BOUNDARY BETWEEN THE DOMINION OF
CANADA AND THE TERRITORY OF ALASKA

IMTis Majesty the King of the United Kingdom of Great Britain and Ireland and of the
British Dominions beyond the Seas, Emperor of India, and the United States of America. equally
desirous for the friendly and final adjustment of the differences which exist between them in
respect to the true meaning and application of certain clauses of the Convention between Great
Britain and Russia, signed under date of the 28th (16th) February, A.D. 1825, which clauses
relate to the delimitation of the boundary line between the territory of. Alaska, now in possession
of the United States, and the British possessions in North Ameriea, have resolved to provide for
the submission of the questions as hereinafter stated to a Tribunal, and to that end have appointed
their respective Plenipotentiaries, as follows:

His Britannic Majesty, the Right Honourable Sir Michael H. Herbert, K.C.M.G., C.B.,
His Britannic Majesty’s Ambassador Extraordinary and Plenipotentiary; and

The President of the United States of America, John Hay, Secretary of State of the United
States;

Who, after an exchange of their full powers, which were found to be in good and due form,
have agreed upon the following Articles:

ArricLe |

A Tribunal shall be immediately appointed to consider and decide the questions set forth
in Article IV of this Convention. The Tribunal shall consist of six impartial jurists of repute,
who shall consider judicially the questions submitted to them, each of whom shall first subseribe
an oath that he will impartially consider the arguments and evidence presented to the Tribunal,
and will decide thereupon according to his true judgment. Three members of the Tribunal shall
be appointed by His Britannic Majesty and three by the President of the United States. All
questions considered by the Tribunal, including the final award, shall be decided by a majority
of all the members thereof.

In case of the refusal to act, or of the death, incapacity, or abstention from service of any
of the persons so appointed, another impartial jurist of repute shall be forthwith appointed in
his place by the same authority which appointed his predecessor.

The Tribunal may appoint a Secretary and a Bailiff to perform such duties as they may
prescribe, and may employ scientific experts if found to be necessary, and may fix a reasonable
compensation for such officers.  The Tribunal shall keep an accurate record of all its proceedings.

Iach of the High Contracting Parties shall make compensation for the services of the
members of the Tribunal of its own appointment and of any agent, counsel, or other person
employed in its behalf, and shall pay all costs incurred in the preparation of its Case.  All expenses
reasonably incurred by the Tribunal in the performance of its duties shall be paid by the respective
Governments in equal moieties.

The Tribunal may, subject to the provisions of this Convention, establish all proper rules

for the regulation of its proceedings.

ArricLe 11
Each of the High Contracting Parties shall also name one person to attend the Tribunal as
its Agent.

The written or printed Case of each of the two parties, accompanied by the documents, the
official correspondence, and all other evidence in writing or print on which each Party relies,
1
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2 CONVENTION OF 1903

shall be delivered in duplicate to each member of the Tribunal and' t(? the A{;ent of the ot.l.wr
Party as soon as may be after the organization of the Tribunal kfut within a period not exceeding
two months from the date of the exchange of ratifications of this Convention.

Within two months after the delivery on both sides of the written or printed Case, either
Party may, in like manner, deliver in duplicate to each member of the Tribunal, and to the
Agent of the other Party, a Counter-Case, and additional documents, correspondence and
evidence, in reply to the Case, documents, correspondence and evidence so presented by the
other Party. The Tribunal may, however, extend this last mentioned period when in their
judgment it becomes necessary, by reason of special difficulties which may arise in the procuring
of such additional papers and evidence.

If in the Case submitted to the Tribunal either Party shall have specified or referred to any
report or document in its own exclusive possession without annexing a copy, such Party shall
be bound, if the other Party shall demand it, within thirty days after the delivery of the Case,
to furnish to the Party applying for it a duly certified copy thereof: and either Party may call
upon the other, through the Tribunal, to produce the original or certified copies of any papers
adduced as evidence, giving in each instance such reasonable notice as the Tribunal may require;
and the original or copy so requested shall be delivered as soon as may be and within a period
not exceeding forty days after receipt of notice.

Each Party may present to the Tribunal all pertinent evidence, documentary, historical,
geographical, or topographical, including maps and charts, in its possession or control and
applicable to the rightful decision of the questions submitted; and if it appears to the Tribunal
that there is evidence pertinent to the Case in the possession of either Party, and which has not
been produced, the Tribunal may in its diseretion order the production of the same by the Party
having control thereof.

It shall be the duty of each Party, through its Agent, or Counsel, within two months from
the expiration of the time limited for the delivery of the Counter-Case on both sides, to deliver
in duplicate to each member of the said Tribunal and to the Agent of the other Party a written
or printed argument showing the points and referring to the evidence upon which his Government
relies, and either Party may also support the same before the Tribunal by oral argument of
Counsel.  The Tribunal may, if they shall deem further elucidation with regard to any point
necessary, require from either Party a written, printed, or oral statement or argument upon the
point; but in such case the other Party shall have the right to reply thereto.

ArricLe 111

It is agreed by the High Contracting Parties that the Tribunal shall consider in the settle-
ment of the questions submitted to its decisions the Treaties respectively concluded between
His Britannic Majesty and the Emperor of All the Russias under date of the 28th (16th) February,
A.D. 1825, and between the United States of America and the Emperor of All the Russias,
concluded under date of the 30th (18th) March, A.D. 1867, and particularly the Articles 11,
IV and V of the first-mentioned Treaty, which in the original text are, word for word, as follows:

“II1. La ligne de démarcation entre les possessions des Hautes Parties Contractantes
sur la cote du Continent et les Iles de 'Amérique Nord-ouest, sera tracée ainsi qu'il suit:—

“A partir du point le plus méridional de l'ile dite Prince of Wales, lequel point se trouve
sous le parallele du 54° 40" de latitude nord, et entre le 131e et le 133¢ degré de longitude
ouest (méridien de Greenwich), la dite ligne remontera au nord le long de la passe dite
Portland Channel, jusqu’au point de la terre ferme ou elle atteint le 56e degré de latitude
nord; de ce dernier point la ligne de démarcation suivra la créte des montagnes situées
parallelement & la cote, jusqu'au point d'intersection du 14le degré de longitude ouest
(méme méridien); et, finalement, du dit point d'intersection, la méme ligne méridienne du
141e degré formera, dans son prolongement jusqu'a la mer glaciale, la limite entre les
possessions Russes et Britanniques sur le Continent de I'’Amérique Nord-ouest.
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“IV. 11 est entendu par rapport  la ligne de démarcation déterminée dans I'Article
précédent :—

“1. Que lile dite Prince of Wales appartiendra tout entitre & la Russie.

“g. Que partout ol la eréte des montagnes qui s'étendent dans une direction parallele

i la cote depuis le 56e degré de latitude nord au point d'intersection du 141e degré de

longitude ouest se trouverait & la distance de plus de dix lieues marine de I'Océan, la limite

entre les possessions Britanniques et la lisicre de edte mentionnée ci-dessus comme devant
appartenir & la Russie sera formée par une ligne parallele aux sinuosités de la edte, et qui
ne pourra Jamais en étre éloignée que de dix lieues marines.

“V. Il est convenu, en outre, que nul établissement ne sera formé par 'une des deux

Parties dans les limites que les deux Articles précédents assignent aux possessions de 'autre.

I'n conséquence, les sujets britanniques ne formeront aucun établissement soit sur la cote,

soit sur la lisiere de terre ferme comprise dans les limites des possessions Russes, telles qu'elles

sont désignées dans les deux Articles précédents; et, de méme, nul établissement ne sera
formé par des sujets Russes au deld des dites limites,”!

The Tribunal shall also take into consideration any action of the several Governments or
of their respective Representatives preliminary or subsequent to the conclusion of said Treaties,
so far as the same tends to show the original and effective understanding of the Parties in respect
to the limits of their several territorial jurisdietions under and by virtue of the provisions of
said Treaties,

ArticLE 1V

Referring to Articles ITI, IV, and V of the said Treaty of 1825, the said Tribunal shall
answer and deeide the following questions:

1. What is intended as the point of commencement of the line?

2. What channel is the Portland Channel?

3. What course should the line take from the point of commencement to the entrance to
Portland Channel?

4. To what point on the 56th parallel is the line to be drawn from the head of Portland
Channel, and what course should it follow between these points?

5. In extending the line of demarcation northward from said point on the parallel of the
56th degree of north latitude, following the crest of the mountains situated parallel to the coast
until its intersection with the 141st degree of longitude west of Greenwich, subject to the condi-
tion that if such line should anywhere exceed the distance of 10 marine leagues from the ocean
then the boundary between the British and Russian territory should be formed by a line parallel
to the sinuosities of the coast and distant therefrom not more than 10 marine leagues, was it the
intention and meaning of said Convention of 1825 that there should remain in the exclusive
possession of Russia a continuous fringe or strip of coast on the mainland, not exceeding 10
marine leagues in width, separating the British possessions from the bays, ports, inlets, havens,
and waters of the ocean, and extending from the said point on the 56th degree of latitude north
to a point where such line of demarcation should intersect the 141st degree of longitude west
of the meridian of Greenwich?

G. If the foregoing question should be answered in the negative, and in the event of the
summit of such mountains proving to be in places more than 10 marine leagues from the coast,
should the width of the lisicre which was to belong to Russia be measured (1) from the
mainland coast of the ocean, strictly so-called, along a line perpendicular thereto, or (2) was it
the intention and meaning of the said Convention that where the mainland coast is indented by
deep inlets forming part of the territorial waters of Russia, the width of the lisi¢re was to
be measured (a) from the line of the general direction of the mainland coast, or (b) from the line
separating the waters of the ocean from the territorial waters of Russia, or (¢) from the heads of
the aforesaid inlets?

1 For the translation of these articles, See the full text of the Treaty of 1825 on page 194,

912642}
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7. What, if any exist, are the mountains referred to as situated parallel to the coast, which

mountains, when within 10 marine leagues from the coast, are declared to form the eastern

boundary?
ArtricLe V

The Tribunal shall assemble for their first meeting at London as soon as practicable after
receiving their commissions, and shall themselves fix the times and places of all subsequent
meetings. A

The decision of the Tribunal shall be made as soon as possible after the conclusion of the
arguments in the Case, and within three months thereafter, unless His Britannic Majesty and
the President of the United States shall by common accord extend the time therefor.  The
decision shall be made in writing and dated, and shall be signed by the members of the Tribunal
assenting to the same. It shall be signed in duplicate, one copy whercof shall be given to the
Agent of His Britannic Majesty for his Government, and the other to the Agent of the United
States of America for his Government.

ArticLe VI

When the High Contracting Parties shall have received the decision of the Tribunal upon
the questions submitted as provided in the foregoing Articles, which decision shall be final and
binding upon all Parties, they will at once appoint, each on its own behalf, one or more scientific
experts, who shall with all convenient speed, proceed together to lay down the boundary-line in
conformity with such decision.

Should there be, unfortunately, a failure by a majority of the Tribunal to agree upon any
of the points submitted for their decision, it shall be their duty to so report in writing to the
respective Governments through their respective Agents.  Should there be an agreement by a
majority upon a part of the questions submitted, it shall be their duty to sign and report their
decision upon the points of such agreement in the manner hereinbefore preseribed.

ArricLe VII

The present Convention shall be ratified by His Britannic Majesty, and by the President
of the United States, by and with the advice and consent of the Senate, and the ratifications shall
be exchanged in London or in Washington as soon as the same may be effected.

In faith whereof we, the respective Plenipotentiaries, have signed this Convention, and
have hercunto affixed our Seals.

Done at Washington, in duplicate, this 24th day of January, A.D. 1903.

(Signed) Micuarr . HerBert.
(Signed) Joux Hav.

THE ALASKA BOUNDARY TRIBUNAL AWARD

Whereas by a Convention signed at Washington on the 24th day of January, 1903, by
Plenipotentiaries of and on behalf of His Majesty the King of the United Kingdom of Great
Britain and Ireland and of the British Dominions beyond the Seas, Emperor of India, and of
and on behalf of the United States of America, it was agreed that a Tribunal should be appointed
to consider and decide the questions hereinafter set forth, such Tribunal to consist of six impartial
Jurists of repute, who should consider judicially the questions submitted to them, each of whom
should first subseribe an oath that he would impartially consider the arguments and evidence
presented to the said Tribunal, and would decide thereupon according to his true judgment, and
that three members of the said Tribunal should be appointed by His Britannic Majesty and
three by the President of the United States;
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)

And whereas it was further agreed by the said Convention that the said Tribunal should
consider in the settlement of the said questions submitted to its decision the Treaties respectively
concluded between His Britannie Majesty and the Emperor of all the Russias, under date of the
28th (16th) February, A.D. 1825, and between the United States of America and the Emperor
of all the Russias, concluded under date of the 18th (30th) March, A.D. 1867, and particularly
the Articles TTI, TV and V of the first-mentioned Treaty, and should also take into consideration
any action of the several Governments or of their respective representatives, preliminary or
suinsq-qm-nl to the conclusion of the said Treaties, so far as the same tended to show the original
and cffective understanding of the parties in respect to the limits of their several territorial
jurisdictions under and by virtue of the provisions of the said Treaties:

And whereas it was further agreed by the said Convention, referring to Articles 111, 1V,
and V of the said Treaty of 1825, that the said Tribunal should answer and decide the following
(|l14‘\¥ 10ns:

. What is intended as the point of commencement of the line?

2. What channel is the Portland Channel?

3. What course should the line take from the point of commencement to the entrance to
Portland Channel?

. To what point on the 56th parallel is the line to be drawn from the head of the Portland
Channel, and what course should it follow between these points?

5. In extending the line of demarcation northward from the said point on the parallel of
the 56th degree of north latitude, following the crest of the mountains situated parallel to the
coast until its intersection with the 141st degree of longitude west of Greenwich, subject to the
conditions that if such line should anywhere exceed the distance of 10 marine leagues from the
ocean, then the boundary between the British and Russian territory should be formed by a line
parallel to the sinuosities of the coast and distant therefrom not more than 10 m:u'in('.lv:'lgu(-s,
was it the intention and meaning of the said Convention of 1825 that there should remain in the
exclusive possession of Russia a continuous fringe, or strip, of coast on the mainland, not
exceeding 10 marine leagues in width, separating the British possessions from the bays, purts..
inlets, havens, and waters of the ocean, and extending from the said point on the 56th degree nl'
latitude north to a point where such line of demarcation should intersect the 141st degree of
longitude west of the meridian of Greenwich? ' ‘

6. If the foregoing question should be answered in the negative, and in the event of the
summit of such mountains proving to be in places more than 10 marine leagues from t!w coast,
should the width of the lisiére, which was to belong to Russia, be measured (1) from th.v.
mainland coast of the ocean, strictly so-called, along a line perpendicular tlu-r(-tn: u'r (2) was it
the intention and meaning of the said Convention that where the mainland H"N is indented by
deep inlets forming part of the territorial waters of Russia, the width of the If.x'u-'r(' was tullm
measured (a) from the line of the general direction of the mainland coast, or (.M from the lm(:
separating the waters of the ocean from the territorial waters of Russia, or (¢) from the heads of
the aforesaid inlets? .

7. What, if any exist, are the mountains referred to as situated parallel tu'tlu- coast, which
mountains, when within 10 marine leagues from the coast, are declared to form the eastern

arv?

h'"”‘f\l::i‘ ‘\\'ll(‘l'(‘:lS His Britannie Majesty duly appointed Richard Everard, Baron .\'l\‘vrstnn(‘,
G.C.M.G., Lord Chief Justice of England, Sir Louis Amable Jetté, 'l\"..(‘.A\I.(.i.. l:wutvn:mt-
Governor of the Provinee of Quebec, and Allen Bristol Aylesworth, one of His .\[:lj(‘sl)"i. Counsel;
and the President of the United States of America duly appointed the Hnnuumh!v Elihu l?«mt,
Seeretary of War of the United States, the Honourable Henry (‘:11')01 Lm'lf_r,v, Senator ut] the
United States from the State of Massachusetts, and the Honourable George Turner, of the State
of Washington, to be members of the said Tribunal: o : .

Now. therefore, we, the Undersigned, having each of us first subseribed an oath, as provul(.-d
by the said Convention, and having taken into consideration the matters directed by the said
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Convention to be considered by us, and having judicially considered the said questions submitted
to us, do hereby make Answer and Award as follows:

In answer to the first question—

The Tribunal unanimously agrees that the point of commencement of the line is Cape Muzon.

In answer to the second question—

The Tribunal unanimously agrees that the Portland Channel is the channel which runs
from about 55°56” north latitude, and passes to the north of Pearse and Wales Island.

A majority of the Tribunal, that is to say, Lord Alverstone, Mr. Root, Mr. Lodge, and
Mr. Turner, decides that the Portland Channel, after passing to the north of Wales Island, is
the channel between Wales Island and Sitklan Island, called Tongass Channel. The Portland
Channel above mentioned is marked throughout its length by a dotted red line from the point B
to the point marked C on the map signed in duplicate by the Members of the Tribunal at the
time of signing their decision.

In answer to the third question—

A majority of the Tribunal, that is to say, Lord Alverstone, Mr. Root, Mr. Lodge, and
Mr. Turner, decides that the course of the line from the point of commencement to the entrance
to Portland Channel is the line marked A B in red on the aforesaid map.

In answer to the fourth question—

A majority of the Tribunal, that is to say, Lord Alverstone, Mr. Root, Mr. Lodge, and
Mr. Turner, decides that the point to which the line is to be drawn from the head of the Portland
Channel is the point on the 56th parallel of latitude marked D on the aforesaid map, and the
course which the line should follow is drawn from C to D on the aforesaid map.!

In answer to the fifth question—

A majority of the Tribunal, that is to say, Lord Alverstone, Mr. Root, Mr. Lodge, and
Mr. Turner, decides that the answer to the above question is in the affirmative.

Question five having been answered in the affirmative, question six requires no answer.

In answer to the seventh question—

A majority of the Tribunal, that is to say, Lord Alverstone. Mr. Root, Mr. Lodge, and
Mr. Turner, decides that the mountains marked S on the aforesaid map are the mountains
referred to as situated parallel to the coast on that part of the coast where such mountains marked
S are situated, and that between the points marked P (mountain marked S, 8,000) on the north.
and the point marked T (mountain marked S, 7,950) in the absence of further survey, the
evidence is not sufficient to enable the Tribunal to say which are the mountains parallel to the
coast within the meaning of the Treaty.?

In witness whereof we have signed the above-written decision upon the questions submitted
to us.

Signed in duplicate this 20th day of October, 1903.

ALVERSTONE,
Evrinu Roor.
Hexry Casor LopGr.
GrorGeE TurNER.
Witness:
ReGiNaLp Tower,
Secretary.

Certified to be in conformity with the original.
Loxpox, October 22nd, 1903.
(L.S.)
Foreign Office. ) T. H. SANDERSON,
Under Secretary of State for Foreign A ffairs.

'C = Boundary Point No. 1, D = Boundary Point No. 7.
*P = Boundary Point No. 93, T = Boundary Point No. 72.



LETTERS RELATIVE TO THE COMMISSIONERS APPOINTED FOR

THE DELIMITATION OF THE BOUNDARY BETWEEN CANADA AND

ALASKA IN CONFORMITY WITH THE AWARD OF THE ALASKA
BOUNDARY TRIBUNAL

PRIVY COUNCIL
CANADA
From Sk H. M. Duraxp 1o Lorp Mixrto

Brivisa anassy,
Washington,
February 6th, 1904,

My Lorp: In compliance with telegraphic instructions which I received from His Majesty's
Principal Seeretary of State for Foreign Affairs T addressed on the 29th ultimo a Note to the
Acting Secretary of State of the United States informing him that Your Excellency’s Government
were ready to enter into arrangements for the delimitation of the boundary between the Dominion
of Canada and the Territory of Alaska in conformity with the award of the Alaska Boundary
Tribunal, and that they proposed to appoint Mr. King as their representative on the delimitation
Commission. I added that Mr. King would be ready to meet the expert named by the United
States Government as soon as the appointment of the latter was made.

I now have the honour to transmit to Your Excellency herewith copy of a note which I have
received from Mr. Loomis, stating that Mr. O. H. Tittmann, Superintendent of the Coast and
Geodetie Survey, has been designated by the United States Government as their representative
on the delimitation Commission, and suggesting, in view ol the brief season in which work can
be done to advantage, the expediency of an early conference between Mr. King and Mr. Tittmann.

[ have informed His Majesty's Principal Secretary of State for Foreign Affairs by telegraph
of Mr. Tittmann’s appointment.

I have, ete.,
(Sgd.) H. M. Duranb,

DeparTMENT OF COMMERCE AND LLABOR
OFFICE OF THE SECRETARY, WASHINGTON

February 11, 1904.

Sir: At the instance of the Secretary of State you are hereby designated to serve as this
Government’s expert representative on the Delimitation Commission for the tracing of the
boundary between Alaska and Canada in conformity with the award of the Alaskan Boundary
Tribunal which recently sat in London.

Respectfully,
Gro. B. CorTELYOU,
Secretary.
Hon. O. H. Trrrmaxy,
Superintendent, Coast and Geodetic Survey,
Department of Commerce and Labor.
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Orrawa, 19th February, 1904,

To
His EXCELLENCY
Tue GoverNor GENERAL IN COUNCIL:

The undersigned has the honour to acknowledge receipt of the despatch, which has been
referred to him, addressed to Your Excellency by His Majesty’s Ambassador to the United
States under date the 6th February.

His Majesty’s Ambassador states that he has informed the Acting Secretary of State of the
United States that Your Excellency’s Government is ready to enter into arrangements for the
delimitation of the boundary between the Dominion of Canada and the Territory of Alaska in
conformity with the award of the Alaska Boundary Tribunal, and that they have appointed
Mr. King as their representative on the Delimitation Commission.  He further states that, in
reply to his note, he has been informed that Mr. O. H. Tittmann, Superintendent of the Coast
and Geodetic Survey, has been designated by the United States Government as their represen-
tative, and that the suggestion has been made to him by the Acting Seeretary of State that,
owing to the brief season in which work can be done to advantage, an early conference between
Messrs. Tittmann and King, in order that work may be begun without undue delay, is expedient.

The undersigned has the honour to report that Mr. King has been instructed to communicate
with Mr. Tittmann, for the purpose of arranging a meeting at which preparations for the early
execution of the work may be made. Further, he begs to recommend that Your Excellency be
moved to transmit copies of this Minute to His Majesty’s Ambassador to the United States and
to His Majesty’s Principal Secretary of State for the Colonies.

Respectfully submitted,

(Sgd.) CLIFFORD SIFTON,
Minaster of the Interior.

REPORT OF THE COMMISSIONERS RELATIVE TO THE PART OF THE

BOUNDARY BETWEEN CANADA AND ALASKA LYING BETWEEN

THE POINTS “P” AND “T” MENTIONED IN THE AWARD OF THE
ALASKA BOUNDARY TRIBUNAL

We, the undersigned Commissioners on behalf of His Britannic Majesty and of the United
States, respectively, having met to discuss the demarcation of the boundary line between Alaska
and Canada, have considered the part lying between the points P and T mentioned in the Award
of the Tribunal of 1903,

We respectfully recommend that the boundary between these points be marked by the
summits whose geographical co-ordinates are given in the attached table, with the proviso that
between the points 7 and 8, and 8 and T, where the distances between the peaks given in the
table exceed the probable limit of intervisibility, power be granted to the Commissioners after
they have secured sufficient data, to seleet additional and intermediate peaks, no such peak to
be more than twenty-five hundred meters from the straight line joining peaks 7 and 8, or 8 and T
of the attached table.

(Sgd.) W. F. King,
H.B.M. Commissioner.
(Sgd.) O. H. TrrrMany,
U.S. Commissioner.
Wasnixgron, D.C.,
April 12, 1904,
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TABLE SHOWING POSITIONS AND DISTANCES OF PEAKS

The latitudes and longitudes are taken from the maps Nos. 10 and 12 of the Surveys made
by the British Commission under the Convention of 1892. The successive peaks are designated
by consecutive numbers, counting southward from point P.

Distances

— ‘ — — =
|
|

Points Latitude Longitude — - —
| From To Metres
N N — Vil = .
!
Sheet 12 ¢ d H : ! "
i Bcmall & B 2 7 H8 36 29 ‘ 133 41 55 P 1 15,840
D s e STt — S8 31 01 133 33 14 1 2 12,800
-, P svskssy) OB 24 40 133 26 09 2 3 13,680
i . 3% 58 22 35 133 21 09 3 4 1,000
3] R 58 16 10 133 21 08 1 5 13,200
6.. R 58 13 24 133 16 18 5 6 6,960
7 o 58 09 07 133 11 10 i 7 9,700
Sheet 10 - — 0 S S1,440
8 . . 57 29 17 132 32 52 o] i 36,800
Nore: P oundary Point No. 93; 1 = No.92; 2 = No.87; 3 = No. 86; 4 = No. 85; 5 = No. 84; 6 = No. 83;
0)

=B
= No. 79; 8 = No. 74; and T = No. 7

EXCHANGE OF NOTES BETWEEN THE BRITISH AND UNITED

STATES GOVERNMENTS, RELATIVE TO THE ACCEPTANCE OF THE

REPORT OF THE COMMISSIONERS TO COMPLETE THE ALASKA
BOUNDARY TRIBUNAL AWARD

UNITED STATES ACTING SECRETARY OF STATE TO
H.M. AMmBASsADOR AT WASHINGTON

DeprarTMENT OF STaTE, WasHINGTON, March 25, 1905.
ExcELLENCY,

Referring to your note of the 1st October, and Mr. Hay's reply of the 2nd of December,
1904, in regard to the report by Messrs. O. H. Tittmann and W. I'. King, the Commissioners
appointed to carry out the delimitation of the Alaska Boundary so far as it was left undefined
by the Award of the London Tribunal, and concerning the character of an Agreement between
the United States and Great Britain for the formal acceptance of the recommendations of the
Commissioners by an exchange of notes, I have the honor to state, by direction of the
President, that the Government of the United States agrees with the Government of His Britannic
Majesty that the part of the boundary between Alaska and Canada lying between the points P
and T mentioned in the Award of the Tribunal of 1903 shall be defined, in accordance with the
general principles laid down by said Tribunal, by the summits whose geographical co-ordinates
are given with sufficient approximation for identification in the attached table, provided that the
Commissioners are hereby empowered, after they have secured sufficient data, to select additional
and intermediate peaks between the points 7 and 8 and 8 and I where the distances between the
peaks given in the table exceed the probable limit of intervisibility: Provided also that no
such additional and intermediate peaks shall be more than 2,500 metres from the straight line
joining peaks 7 and 8 or 8 and T of the attached table, as follows:
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TABLE SHOWING THE POSITIONS AND DISTANCES OF PEAKS

The latitudes and longitudes are taken from, and refer to, the maps I\Ios. 10 and ‘12 of the
surveys made by the British Commission under the Convention of 1892. The successive peaks
are designated by consecutive numbers, counting southward from point P.

Approximate distances
Points : Latitude Longitude Fror‘n*—*]i — :I‘ :f 7f - ';Imr(‘s
o ’ " o ’ " ‘

She(’iﬁ 58 36 29 133 41 55 l P i 1 15,840
D L o o 58 31 01 133 33 14 1 [ 2 12,800

AL ST, s r e 58 24 40 133 26 09 | 2 3 13,650

" R SR ‘ 58 22 35 133 27 09 3 4 1,000
SRR DR 16 10 133 21 08 4 5 13,200
(Fihor et o oa R O 58 13 24 133 16 48 5 6 6,960
e T 58 09 07 133 11 10 6 7 9,700
Sheet 10 —_ | —_ 7 8 81,440
e e 57 29 47 132 32 52 | 8 T 36,8001

1 See note on page 9,

Your acknowledgment of this communication, with a similar statement on behalf of the
Government of His Majesty, will complete the agreed exchange of notes, and will confirm and
give validity to the agreement reached by the Commissioners, thus completing the Award of
the London Tribunal under the Convention of the 24th January, 1903, as to the above-deseribed
part of the Alaska boundary.

Expressing the President’s satisfaction at this settlement of the matter, I have, &e.

ALvEY A. ADEE,

Acting Secretary of State.
Stk H. M. Duranbp.

H.M. AvBassapor AT WASHINGTON TO UNITED STATES SECRETARY OF STATE
Brrrisa EmBassy, Washington, March 25, 1905.

Sir,—1 have the honour to acknowledge receipt of your note of this date in regard to the
Report by Messrs. W. F. King and O. H. Tittmann, the Commissioners appointed to carry out
the delimitation of the Alaska houndary so far as it was left undefined by the Award of the
London Tribunal, and concerning the character of an agreement between Great Britain and the
United States for the formal acceptance of the recommendations of the Commissioners by an
exchange of notes,

By direction and on behalf of the Government of His Britannie Majesty, I have the honour
to state that the Government of His Majesty agrees with the Government of the United States
that the part of the boundary between Canada and Alaska lyving between the points P and T,
mentioned in the Award of the Tribunal of 1903, shall be defined, in accordance with the general
principles laid down by said Tribunal, by the summits whose geographical co-ordinates are given
with sufficient approximation for identification in the attached table, provided that the Com-
missioners are hereby empowered, after they have secured sufficient data, to select additional
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and intermediate peaks between the points 7 and 8 and 8 and T where the distances between
the peaks given in the table exceed the probable limit of intervisibility: Provided also that no
such additional and intermediate peak shall be more than 2,500 meters from the straight line
joining peaks 7 and 8 and 8 and T of the attached tables, as follows:

TABLE SHOWING THE POSITIONS AND DISTANCES OF PEAKS

The Iatitudes and longitudes are taken from, and refer to, the maps Nos. 10 and 12 of the
surveys made by the British Commission under the Convention of 1892, The successive peaks
are designated by consecutive numbers, counting southward from point P.

Approximate distances

Points Latitude Longitude — — -

From To Metres

Sheet 12 9 d o - ’ L
1. ) vl a8 36 29 133 41 55 P 1 15,840
i SRR O 58 31 01 133 33 14 1 2 | 12,800
e ’ "y 58 24 40 133 26 09 2 | 3 ‘ 13,680
T j 58 22 35 | 133 27 09 3 : 4 4,000
5 . s a 58 16 10 133 21 08 i | 5 13,200
Ous s r s s asiaies 58 13 24 | 133 16 48 5 6 6,960
Fisaca wabe,acics whis She alnss 58 09 07 133 11 10 | H 7 9,700
Sheet 10 — j - ‘ 7 ] 81,440
N A o AT e a7 29 47 | 132 32 52 b i 36, 800!

! See note on page 9.

[ am instructed to express the gratification of my Government that, by this exchange of
notes, confirmation and validity are given to the Agreement reached by the Commissioners, thus
completing the Award of the London Tribunal under the Convention of the 24th January, 1903,
as to the above-deseribed part of the Alaska Boundary.

I have, &e.,
H. M. Duraxbp.
The Hon. Joux Hay.

RESERVATION OF LANDS ALONG THE INTERNATIONAL BOUNDARY
ActioN TAKEN BY THE GOVERNMENT OF THE DOMINION OF ('ANADA

P.C. 810

Ref. 1,569,421 on 12301 (7).

Certified copy of a Report of the Commiltee of the Privy Council, approved by His Excellency the
Administrator on the 14th April, 1908.

On a report dated 1st April, 1908, from the Minister of the Interior with reference to a
Despateh from His Majesty’s Ambassador at Washington, dated 30th October, 1907, submitting
for the consideration of the Dominion Government a proposal by the United States Government
that joint action be taken for the reservation of a strip of land sixty feet wide on each side of the
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Canada-Alaska boundary line under similar conditions to that for.merly established along the
Mexican boundary line by Proclamation of the President of the United Statqs. .

The Minister of the Interior submits that in his opinion such a reservation will be of great
service in the protection of the revenue and in the enforcement of the la\\.f [!..enor:tlly, and he
therefore recommends that with a view to the prevention of the erection of building or permanent
structures or works on or close to the boundary line, except railways, aqueduects, bridges, canals,
ditches and other works of a public character and except buildings or permanent structures or
works properly connected with such railways, aqueducts, b!'idges, cmm.ls zm‘(l uth(fr works of a
public character, to be authorized to reserve the land within a strip sixty feet \\'nlv. along l.lu-
boundary line between Canada and Alaska from sale, lease and entry so far as the lands in question
are vested in the Dominion.

The Minister points out that the title to wild lands adjacent to the Canada-Alaska boundary
line is vested in the Dominion to the northward only of the sixtieth parallel of latitude.  South
of the parallel the lands lie in the province of British Columbia and the title to the crown lands
is vested in the province.

The Minister has reason to believe, however, that the provinee of British Columbia will be
willing to give its co-operation.

In connection with this subject the Minister of the Interior desires to suggest consideration
of the possibility of making a similar reservation along other parts of the common boundary line,
which, besides extensive stretches of water boundary, comprises some 1,900 miles on land.

Of the 1,300 miles or thereabouts from the Strait of Georgia to the Lake of the Woods, some
400 miles lic west of the summit of the Rocky Mountains. Along this distance the Minister
understands that the Government of British Columbia has already reserved a strip 66 feet wide,
wherever the land has not already been disposed of, along the International Boundary Line.
East of the Rocky Mountains, under the original surveys made by the Dominion Government,
road allowances were left adjoining the boundary. These road allowances are no longer under
the control of the Dominion Government, having now passed under the jurisdiction of the
provinees of Alberta, Saskatchewan and Manitoba.

The four provinces mentioned would doubtless agree to make the road allowances and the
reservation permanent, though to secure that end, concurrent agreement by the United States
or by the several states affected, to reserve a similar strip would appear to be desirable.

The Minister states that along the line from the St. Lawrence River to the St. Croix the
natural difficulty of enforeing the laws of the two countries along an extensive boundary line is
enhanced by the fact that the property adjacent to the line, on both sides, has passed into private
hands, and at many points there exist so-called “line houses” which stand close to or upon the
line, and which in many instances, as has been charged, have been used for smuggling or for
evasion of law, to a serious extent. While it may not be practicable, by reason of the expense
which it would involve to apply the effective remedy of removing these houses altogether, it is a
matter for consideration whether there are any steps which the two Governments could take to
prevent the erection in future of further houses of this kind.

The Committee, concurring in the foregoing, advise that His Ixcellency be moved to forward
a copy hereof to His Majesty’s Ambassador at Washington, with a request that he inform the
Government of the United States that the Dominion Government is in full accord with the
principle of their proposal, and will take steps to give effect to the reservation along the frontier
of the Yukon Territory, and that he further call attention to the suggestion herein contained
relative to other parts of the International Boundary Line.

All which is respectfully submitted for approval.

RovoLrue Boupreau,
Clerk of the Privy Council.
To the Honourable
Tue MINISTER OF THE INTERIOR.
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P.C. No. 2235 M.
Ref. 1,633,875 on 1,301 (8).

Certified copy of a Report of the Commilttee of the Privy Council, approved by His Excellency the
Governor General on the 7th August, 1908.

The Committee of the Privy Council have had under consideration a despatch, dated 22nd
June, 1908, from His Majesty’s Ambassador to the United States, transmitting copy of a
proclamation by the President of the United States setting apart as a public reservation all
unpatented lands of the United States lying within sixty feet of the boundary line between the
United States and Canada.  His Majesty’s Ambassador draws attention to the fact that the
original proposal for reservation of the Alaska frontier has now been extended so as to ineclude
the whole frontier, this being in accordance with the wishes of the Dominion Government.

The Minister of the Interior, to whom the said despatch was referred, states that under the
authorization of the Order in Couneil of 14th April, 1908, he has withdrawn from sale, lease and
entry, all publie lands lying within sixty feet of the International Boundary in Yukon Territory.

The Minister recommends that the matter be brought to the attention of the Government
of the provinee of British Columbia, which with a view to the better enforcement of the laws of
that province as well as of the Dominion may find it advisable to make a similar reservation
along the boundary between British Columbia and Alaska and along the 49th parallel.

In view of the fact that the lands in the road allowanee which was laid off in the original
surveys of Dominion Lands along the International Boundary in the Provinces of Manitoba,
Saskatchewan, and Alberta, have been transferred to these provinces, the Minister further
recommends that the matter be brought to the attention of the respective Provinecial Govern-
ments with the suggestion that this road allowance be retained for public use only.

The Committee, concurring in the foregoing, submit the same for approval and advise that
Your Excellency may be pleased to transmit the substance of this Minute, if approved, to His
Majesty’s Ambassador at Washington for the information of the United States Government.

Rovorrur Boubrpau,
Clerk of the Privy Council.
To the Honourable
Tae MINISTER OF THE INTERIOR.

Published in The Canada Gazette of 3rd April, 1909, vol. 42, for the fourth consecutive week.

PROCLAMA’I‘IONS BY THE PRESIDENT OF THE UNITED STATES OF ‘\.\IERI(‘,A
(No. 810)

Whereas, the customs and immigration laws of the United States can be better enforeed and
the public welfare thereby better advanced when the Federal Government has complete control
of the use and occupation of lands abutting on international boundary lines;

Now, therefore, I, Theodore Roosevelt, President of the United States, do hereby proclaim
and make known that all unpatented public lands of the United States, lving within sixty feet
of the boundary line between the United States and the Dominion of Canada, are hereby declared
to be, and are set apart as a publie reservation, and shall hereafter be subject only to such rights
as have been heretofore legally acquired under settlements, entries, reservations, or other forms
of appropriation, and are now existing, but shall not be subject at any time to any other claim,
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use, or occupation, except for public highways; and any patent issued for any lega.l sublli\f'i..xinp
affected by this reservation under any claim hereafter initiated, shall contain a recital that it is

issued subject to this proclamation. . }
In witness whereof, I have hereunto set my hand and caused the seal of the United States

to be affixed. )
Done at the City of Washington this 15th day of June, in the year of our Lord one thousand
nine hundred and eight, and of the Independence of the United States the one hundred

and thirty-second.
TaeEoDORE ROOSEVELT.

(SEAL)

By the President:
Erinu Roor, Secretary of State.

(No. 1196)

Whereas, the customs and immigration laws of the United States can be better enforced and
the public welfare thereby advanced by the retention in the Federal Government of complete
control of the use and occupation of lands abutting on International Boundary Lines;

Now, therefore, I, William Howard Taft, President of the United States, do hereby declare,
proclaim, and make known that there are hereby reserved from entry, settlement, or other form
of appropriation and disposition under the public-land laws, and set apart as a public reservation,
all public lands lying within sixty feet of the boundary line between the United States and the
Dominion of Canada.

Excepting from the force and effect of this proclamation all lands which were prior to June
fifteenth, nineteen hundred and eight, embraced in any legal entry or covered by any lawful
filing, selection, or right of way duly of record in the proper United States land office or upon
which any valid settlement had been made pursuant to law, the statutory period within which to
make or complete entry of filing of record had not expired, and which has been or may be perfected
as required by law.  Any claims lawfully initiated between June fifteenth, nineteen hundred and
eight, and the date hereof, lawfully maintained and perfected, may be patented subjeet to the
reservation preseribed in proclamation of the President dated June fifteenth, nineteen hundred
and eight.

In witness whereof, I have hereunto set my hand and caused the seal of the United States
to be affixed.

Done at the city of Washington, this third day of May, in the year of our Lord one thousand
nine hundred and twelve, and of the Independence of the United States the one hundred
and thirty-sixth.

Wwm. H. TarT.

(SEAL)

By the President:
Hu~tingron WinsoN, Acting Secretary of State.

ReservaTiONs BY THE ProviNes or Britist COLUMBIA

His Honour the Lieutenant-Governor of British Coolumbia, by and with the advice of his
Executive Council, doth order as follows:

That all unalienated Crown lands within the Province of British Columbia lying within
sixty feet of the 49th parallel of north latitude which is the boundary line between the United
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States of America and the Dominion of Canada; and also all unalienated Crown lands lying
within sixty feet of the boundary line between the Province of British Columbia and Alaska, be
reserved for Government purposes.
A. CampBELL REDDIE,
Deputy Clerk,

Executive Council.
APPROVED AND ORDERED

THIS OTH DAY OF NOVEMBER,
A.D. 1908,

James DUNSMUIR,

Licutenant-Governor.



TREATY BETWEEN CANADA AND THE UNITED STATES OF AMERICA

TO DEFINE MORE ACCURATELY AND TO COMPLETE THE I‘NTI‘][{-
NATIONAL BOUNDARY BETWEEN THE TWO COUNTRIES

SiaNED AT WAsHINGTON, FEBRUARY 24, 1925

(RATIFICATIONS EXCHANGED AT WasHINGTON, JuLy 17, 1925)

His Majesty the King of the United Kingdom of Great Britain and Ireland and of the
British Dominions beyond the Seas, Emperor of India, in respect of the Dominion of Canada,
and the United States of America, desiring to define more accurately at certain points and to
complete the international boundary between the United States and Canada and to maintain
the demarcation of that boundary, have resolved to conclude a treaty for these purposes, and to
that end have appointed as their respective plenipotentiaries:

His Britannic Majesty, in respect of the Dominion of Canada: The Honourable Ernest
Lapointe, K.C., a member of His Majesty’s Privy Council for Canada and Minister of Justice
in the Government of that Dominion; and

The President of the United States of America: Charles Evans Hughes, Secretary of State
of the United States:

Who, after having communicated to each other their respective full powers, which were
found to be in due and proper form, have agreed to and concluded the following articles:

ArtricLe |

Whereas Article V of the Treaty concerning the boundary between the Dominion of Canada
and the United States coneluded on April 11, 1908, between Great Britain and the United States,
provided for the survey and demarcation of the international boundary line between the Dominion
of Canada and the United States from the mouth of Pigeon River, at the western shore of Lake
Superior, to the north-westernmost point of Lake of the Woods, as defined by the treaties con-
cluded between Great Britain and the United States on September 3, 1783, and August 9, 1842;

And whereas Article VI of the said Treaty concluded on April 11, 1908, provided for the
relocation and repair of lost or damaged monuments and for the establishment of additional
monuments and boundary marks along the course of the international boundary between the
Dominion of Canada and the United States from the north-westernmost point of Lake of the
Woods to the summit of the Rocky Mountains, as established under existing treaties and surveyed,
charted, and monumented by the Joint Commission appointed for that purpose by joint action
of the Contracting Parties in 1872;

And whereas it has been found by surveys executed under the direction of the Commissioners
appointed pursuant to the said Treaty of April 11, 1908, that the boundary line between the
Dominion of Canada and the United States from the mouth of the Pigeon River, at the western
shore of Lake Superior, to the north-westernmost point of Lake of the Woods as defined by the
treaties concluded on September 3, 1783, and August 9, 1842, is intersected by the boundary
from the north-westernmost point of Lake of the Woods to the summit of the Rocky Mountains
as established under existing treaties and surveyed, charted, and monumented by the Joint
Commission appointed for that purpose in 1872, at five points in Lake of the Woods adjacent to
and directly south of the said north-westernmost point, and that there are two small areas of
United States waters in Lake of the Woods, comprising a total area of two and one-half acres,
entirely surrounded by Canadian waters;

And whereas no permanent monuments were ever erected on these boundary lines north of
the most southerly of these points of intersection;

The Contracting Parties, in order to provide for a more practical definition of the boundary
between the Dominion of Canada and the United States in Lake of the Woods, hereby agree

16
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that this most southerly point of intersection, being in latitude 49° 23’ 04”49 north and longitude
05709 11761 west, shall be the terminus of the boundary line heretofore referred to as the
international boundary line between the Dominion of Canada and the United States from the
mouth of Pigeon River, at the western shore of Lake Superior, to the north-westernmost point
of Lake of the Woods and the initial point of the boundary line heretofore referred to as the
international boundary between the Dominion of Canada and the United States from the north-
westernmost point of Lake of the Woods to the summit of the Rocky Mountains, in lieu of the
siid north-westernmost point.

The aforesaid most southerly point shall be located and monumented by the Commissioners
appointed under the said Treaty of April 11, 1908, and shall be marked by them on the chart or
charts prepared in accordance with the provisions of Articles V and VI of the said Treaty, and
a detailed account of the work done by the Commissioners in loeating said point, together with a
description of the character and location of the several monuments ereeted, shall be included in
the report or reports prepared pursuant to the said Articles.

The point so defined and monumented shall be taken and deemed to be the terminus of the
boundary line heretofore referred to as the international boundary line between the Dominion of
Canada and the United States, from the mouth of Pigeon River, at the western shore of Lake
Superior to the north-westernmost point of Lake of the Woods and the initial point of the boundary
line heretofore referred to as the international boundary between the Dominion of Canada and
the United States from the north-westernmost point of Lake of the Woods to the summit of the
Rocky Mountains.

Artrcne 11

Whereas Article VI of the Treaty concerning the boundary between the Dominion of Canada
and the United States concluded on April 11, 1908, between Great Britain and the United States
provided for the relocation and repair of lost or damaged monuments and for the establishment
of additional monuments and boundary marks along the courses of the international boundary
between the Dominion of Canada and the United States from the north-westernmost point of
Lake of the Woods south to the 49th parallel of north latitude and thence westward along said
parallel of latitude to the summit of the Rocky Mountains, as established under existing treaties
and surveyed, charted, and monumented by the Joint Commission appointed for that purpose
by joint action of the Contracting Parties in 1872;

And whereas Article VI of the said Treaty concluded on April 11, 1908, further provides
that in carrying out the provisions of that article the agreement stated in the protocol of the
final meeting of the said Joint Commission, dated May 29, 1876, should be observed, by which
protocol it was agreed that in the intervals between the monuments along the 49th parallel of
north latitude the boundary line has the eurvature of a parallel of 49° north latitude;

And whereas the Commissioners appointed and acting under the provisions of Article VI
of the said Treaty of 1908 have marked the boundary line wherever necessary in the intervals
between the original monuments established by the said Joint Commission, appointed in 1872,
in accordance with the agreement stated in the Protocol of the final meeting, dated May 29, 1876,
of the Joint Commission aforesaid, and as set forth in Article VI of the Treaty of 1908, by placing
intermediate monuments on lines joining the original monuments, which have in each case the
curvature of a parallel of 49° north latitude;

And whereas the average distance between adjacent monuments as thus established or
re-established along the 49th parallel of north latitude from Lake of the Woods to the summit of
the Rocky Mountains by the Commissioners acting under Article VI of the Treaty of 1908 is
one and one-third miles and therefore the deviation of the curve of the 49th parallel from a
straight or right line joining adjacent monuments is, for this average distance between monu-
ments, only one-third of a foot, and in no case does the actual deviation exceed one and ecight-
tenths feet;

91264—3
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And whereas it is impracticable to determine the course of a line having the (,j\ll'V;l‘t,lll'(‘ of a
parallel of 49° north latitude on the ground between the adjacent m({numents which have been
established or re-established by the Commissioners and the demarcation of the boundzug\" would
be more thoroughly effective if the line between adjacent monuments be defined as a straight or
right line;

And whereas it is desirable that the boundary at any point between adjacent monuments
may be conveniently ascertainable on the ground, the Contracting Parties, in order to (‘f)l?l])l(‘“‘.
and render thoroughly effective the demarcation of the boundary between the Dominion of
Canada and the United States from the north-westernmost point of Lake of the Woods to the
summit of the Rocky Mountains, hereby agree that the line heretofore referred to as the inter-
national boundary between the Dominion of Canada and the United States from the north-
westernmost p()ini of Lake of the Woods to the summit of the Rocky Mountains, shall be defined
as consisting of a series of right or straight lines joining adjacent monuments as now established
or re-established and as now laid down on charts by the Commissioners acting under Article VI
of the Treaty of 1908, in lieu of the definition set forth in the agreement of the aforesaid Joint
Commissioners, dated May 29, 1876, and quoted in Article VI of the said Treaty of 1908, that
in the intervals between the monuments the line has the curvature of the parallel of 497 north
latitude.

ArtricLe 11

Whereas the Treaty concluded on May 21, 1910, between Great Britain and the United
States, defined the international boundary line between the Dominion of Canada and the United
States from a point in Passamaquoddy Bay lying between Treat Island and Friar Head to the
middle of Grand Manan Channel and provided that the location of the line so defined should be
laid down and marked by the Commissioners appointed under the Treaty of April 11, 1908;

And whereas it has been found by the surveys executed pursuant to the said Treaty of
May 21, 1910, that the terminus of the boundary line defined by said Treaty at the middle of
Grand Manan Channel is less than three nautical miles distant both from the shore line of Grand
Manan Island in the Dominion of Canada and from the shore line of the State of Maine in the
United States, and that there is a small zone of waters of controvertible jurisdiction in Grand
Manan Channel between said terminus and the High Seas;

The Contracting Parties, in order completely to define the boundary line between the
Dominion of Canada and the United States in the Grand Manan Channel, hereby agree that an
additional course shall be extended from the terminus of the boundary line defined by the said
Treaty of May 21, 1910, south 34° 42" west, for a distance of two thousand three hundred eighty-
three (2,383) metres, through the middle of Grand Manan Channel, to the High Seas.

The course so defined shall be located and marked by the Commissioners appointed under
the Treaty of April 11, 1908, and shall be laid down by them on the chart or charts adopted in
accordance with the provisions of Article I of the said Treaty, and a detailed account of the work
done by the Commissioners in locating and marking said line, together with a deseription of the
several monuments erected, shall be included in the report or reports prepared pursuant to
Article I of the Treaty of April 11, 1908.

The course so defined and laid down shall be taken and deemed to be the boundary line
between the Dominion of Canada and the United States in Grand Manan Channel from the
terminus of the boundary line as defined by the Treaty of May 21, 1910, to the High Seas.

ArticLe 1V

Whereas, pursuant to existing treaties between Great Britain and the United States, a survey
and effective demarcation of the boundary line between the Dominion of Canada and the United States
through the Great Lakes and the St. Lawrence River and through the Straits of Georgia, Haro, and
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Juan de Fuca from the j9th parallel to the Pacific Ocean and between the Dominion of Canada and
Alaska from the Arctic Ocean to Mount St. Elias have been made and the signed joint maps and
reports in respect thereto have been filed with the two Governments:

And whereas a survey and effective demarcation of the boundary line between the Dominion of
Canada and the United States from the Gulf of Georgia to Lake Superior and from the St. Lawrence
River to the Atlantic Ocean and between the Dominion of Canada and Alaska from Mount St. Elias
to Cape Muzon are nearing completion;

And whereas boundary monwments deteriorate and at times are destroyed or damaged; and
boundary vistas become closed by the growth of timber;

And whereas changing conditions require from time to time that the boundary be marked more
precisely and plainly by the establishment of additional monuments or the relocation of cxisting
monuments;

The Contracting Parties, in order to provide for the maintenance of an effective boundary line
between the Dominion of Canada and the United States and between the Dominion of Canada and
Alaska, as established or to be established, and for the determination of the location of any point
thereof, which may become necessary in the settlement of any question that may arise between the two
Governments, hereby agree that the Commissioners appointed under the provisions of the Treaty of
April 11, 1908, are hereby jointly empowered and directed: to inspect the various sections of the
boundary line between the Dominion of Canada and the United States and between the Dominion of
Canada and Alaska at such times as they shall deem necessary; to repair all damaged monuments
and buoys: to relocate and rebuild monuments which have been destroyed; to keep the boundary
vistas open: to move boundary monuments to new sites and establish such additional monuments and
buoys as they shall deem desirable; to maintain at all times an effective boundary line between the
Dominion of Canada and the United States and between the Dominion of Canada and Alaska, as
defined by the present treaty and treaties heretofore concluded, or hercafter to be concluded; and to
determine the location of any point of the boundary line which may become necessary in the settlement
of any question that may arise between the two Governments.

The said Commissioners shall submit to their respective Governments from time to time, at least
once in every calendar year, a joint report containing a statement of the inspections made, the monu-
ments and buoys repaired, relocated, rebuilt, moved, and established, and the mileage and location of
vistas opened, and shall submit with their reports, plats and tables certified and signed by the Com-
missioners, ging the locations and geodetic positions of all monuments moved and all additional
monwuments established within the year, and such other information as may be necessary to keep the
boundary maps and records accurately revised.

After the completion of the survey and demarcation of the boundary line between the Dominion of
Canada and the Unaited States from the Gulf of Georgia to Lake Superior and from the St. Lawrence
River to the Atlantic Ocean, as provided for by the Treaty of April 11, 1908, the Commissioners
appointed under the provisions of that Treaty shall continue to carry oul the provisions of this Article,
and, upon the death, resignation, or other disability of either of them, the Party on whose side the
vacancy oceurs shall appoint an Expert Geographer or Surveyor as Commissioner, who shall have the
same powers and duties in respect to carrying out the provisions of this Article, as are conferred by
this Article upon the Commissioner appointed under the provisions of the savd Treaty of 1908.

The Contracting Parties further agree that each Government shall pay the salaries and expenses
of its own commissioner and his assistants, and that the expenses jointly incurred by the Commaissioners
in maintaining the demarcation of the boundary line in accordance with the provisions of this Article
shall be borne equally by the two Governments.

ArricLe 'V

This treaty shall be ratified by the Contracting Parties and the ratifications shall be
exchanged in Ottawa or Washington as soon as practicable.  The treaty shall take effect on the
date of the exchange of ratifications.

012643}
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Upon the expiration of six years from the date of the exchange of ratifications of the present
treaty, or any time thereafter, Article IV may be terminated upon twelve months” written notice
given by either Contracting Party to the other, and following such termination the Commissioners
therein mentioned and their successors shall cease to perform the functions thereby preseribed.

In faith whereof, the respective Plenipotentiaries have signed this treaty in duplicate and
have hereunto affixed their seals.

Done at Washington the 24th day of February, A.D. 1925.

S.) Erxest LAPOINTE.
S

(L.
(I.S.) Cuarres Evaxs Hucnps.
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The party left the field on October 16 and returned to Wrangell, and thence
to Vancouver.

The personnel of the party was as follows: engineer in charge, A. J. Brabazon,
D.LL.S.; assistants, D. V. Ritchie, A. G. Giilespie, C. H. Brabazon, T. P. Reilly;
and 8 hands. The United States representative was J. M. Donn.

UNITED StaTES PARTY ON UNUK RivER

Travelling by the steamer Alaskan from Ketchikan, the party arrived at the
mouth of Unuk River on the evening of May 16, and on the following morning a
gasoline launch towed their loaded boats to the dock of the Unuk River Mining
and Trading Company. It was expected that transportation to the boundary
would be comparatively easy as the Mining Company was building a road from
the mouth of the river to their mine several miles beyond the boundary. However,
it was found that, although the road was nearly completed as far as the boundary,
the company had not sufficient horses and wagons to forward their own supplies
and those of the survey party as well.  Asriver navigation was found to be imprac-
ticable because of the swift current and the numerous log jams, back-packing was
the only means of transportation until June 30 when the Mining Company, having
obtained additional teams, began to haul the remainder of the outfit of the party
forward from the landing.

In the meantime a base line was measured on the tide flats at the head of
Burroughs Bay, from which triangulation was extended to connect with several
old stations of the United States Coast and Geodetic Survey, which were recovered
there. The triangulation was then carried up the river as far as the boundary to
control the topography and to determine the positions of the boundary peaks
and monuments.

Good progress was made in spite of considerable delay caused by forest fires
and spring freshets, both the results of unusually fine weather; the freshets
flooded the camp and washed out several sections of the newly constructed road,
and the fire burned the large bridge across Blue River.

Late in July the main camp was made about 25 miles above the mouth of the
river and one-half mile below the boundary, and operations were carried on
in the boundary area. A fly camp was pitched at timber-line on the slope of
Boundary Peak 40 (Mount Stoeckl), from which the peak was climbed on August 15.
A signal was erected there in a blinding snowstorm.  On account of continued bad
weather no further work could be done until August 23. At this time the engineer
in charge accompanied by the Canadian representative identified several boundary
peaks, among which was one thought to be Boundary Peak 28, which will be
referred to later.

Boundary Peaks 23 (Mount Willibert), 24 (Mount Blaine), the assumed 28,
and 47 (M()U;lt Lewis Cass) were tied in to the triangulation by intersection, and
n a(ldit»ion to the phototopographic work a considerable amount of plane-table
work was executed in the vicinity of the boundary line. The boundary vista was
cut down the south side of Boundary Peak 40 (Mount Stoeckl) and over the tops
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52 FIELD OPERATIONS

of the ridges between Unuk
River and Boulder Creek,
and in this section six alu-
minium-bronze monuments
were set: a cone on the sum-
mit of Boundary Peak 40;
No. 39, a cone at timber-line
on the south slope; No. 38,
an obelisk on the north side
of the river; No. 37, a cone
on the south side of the
river: No. 36, a cone on the
crest of the first ridge south
of the river; and No. 35, a
cone on the crest of the
second ridge. It had been
intended that one of the
obelisks should be put on the south bank of the river, but it was lost when the
canoe carrying it across capsized.

Monument at Boundary Point 39, Unuk River regior

In the meantime a sub-party continued the triangulation and phototopography
southward from a camp at timber-line above the head of Lake Creek, a tributary
of Unuk River. The last of their observations were made on September 7, which
is late in the season on the high mountains as each passing storm leaves new snow
on the peaks, and a heavy snowfall means a complete blocking of further mountain
work. The sub-party then joined the main party at work on the vista.

On September 22 the Mining Company’s teams started moving the outfit of
the party down the river. As the gasoline launch, which made weekly trips
between Ketchikan and the mouth of the Unuk, was too small to accommodate
the party, a steamer was chartered for their transportation back to Ketchikan.
Passage for Seattle was taken on the steamer Humbolt, which left Ketchikan on
October 9.

[t has already been stated that Boundary Peak 28 was identified from
Boundary Peak 40, and that a part of the boundary line was marked between the
two peaks. However, when computations were made from the field notes after
the close of the survey, it was found that the peak identified as Boundary Peak 28
was really Boundary Peak 18. Actually there was no prominent peak on the
snow-covered ridge located in the position of Boundary Peak 28 as shown on the
Award map; but there was such a peak some 5 miles farther inland. and on the
p]mlum'npl.x.\' supplied for identification purposes this peak was marked as Boundary
Peak 28; furthermore, Boundary Peak 18, visible behind the snow-covered ridge,
r(\:anl»lwlitln- peak marked as Boundary Peak 28 on the photographs. Had the
triangulation been finishv(l sooner and the results computed in the field, these facts
would have been discovered and the line would have been left unmarked until its

location had been decided upon by the commissioners. Asit was the commissioners
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agreed that the line as marked across the Unuk Valley should be retained and
that Boundary Point 28 should be the highest part of the snow-covered ridge of
Mount Middleton on the direct line between Boundary Peaks 40 and 18. )

The personnel of the party was: engineer in (~harge:Fronumt Morse; assistants
L. Netland and Adolf Mosheim; and 12 hands. The Canadian 1-0proxvntutiw:
was J. D. Craig, D.L.S.

CANADIAN PaArTY ON Sanvon Rivier

Arrangements were made in Vietoria with the Canadian Pacific Steamship
Company to transport the party to the head of Portland Canal on the steamship
Tees, although the regular northern terminus of her run was Naas Harbour.
Disembarking at Fagle Point on May 10 they pitched their first camp about a
quarter mile above the mouth of Salmon River. Although the townsite of Stewart
at the mouth of Bear River was in existence at that time. with a small floating
population of miners, a mining-recorder’s office, and a post office, there was no
townsite at the mouth of Salmon River; the river flat was homesteaded, but the
road up the valley had not yet been built.

[or the first 2 weeks the river afforded a convenient route for transportation
as the water was low, and although the stream was too swift to paddle against,
the sand bars on either side gave good footing for tracking the boats and canoes.
This mode of transport was abandoned when the heavy rainfall late in May and
the extremely warm weather early in June melted the snow on the mountains and
snow fields, and made travel impossible on the flooded river, which carried down-
stream large numbers of uprooted trees and huge blocks of ice from the glaciers
at its head. Trails were then cut up the valley and the supplies were packed in
by the men.

The party had been instructed to survey the line northerly and northwesterly
towards Unuk River, and if possible to make a connection with the United States
party operating from there. Their first duty was the location of Boundary Point
7, the point D of the Award, defined by the commissioners as “the highest point
on the 56th parallel of latitude between the waters flowing into the Bear River
on one side and the Salmon River on the other”. The 56th parallel for this purpose
was determined by triangulation from the United States Coast and Geodetic
astronomic stations at the head of Portland Canal.’

From the latter part of May until early in July, during the progress of the
triangulation and phototopography up the Salmon Valley, supplies were being
packed from a cache 5 miles above the mouth of the river over a trail cut by the
party. The river was crossed at a point opposite the mouth of Texas Creek,
about 12 miles above salt water, by means of a block running over a rope stretched
between two tripods, one on each side of the river, and the trail was continued up
the Texas Valley. The creek in turn was crossed by a boat attached to an over-
head rope. -

Barly in Julv the river rose again, flooding the trails and destroying the rope
(‘I'()ssing's.; they \v\'ere rebuilt but still another flood destroyed the new trails and

! See footnote 1 on next page.
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The sloughs leading from the Stikine to the Iskut were explored for a possible
short cut that would avoid the swift water at the mouth of the Iskut; but the
sloughs were still full of snow and were of no use until about 2 weeka: later. On
May 15 the first trip was made up the Iskut and a cache was established al'mut
7 miles from its mouth; then another cache was established farther up the river.
It took seven of these steps to get the main camp to the boundary area, each step
taking about a week. The load to be moved each time increased rather than
decreased, as the Indians in the meantime made three trips from Wrangell with
provisions. About 25 miles from the Stikine, the South Fork of the Iskut joins
the main stream, and another 10 miles or so up stream the South Fork is divided
into two streams—that flowing from the southwesterly direction having its source,
as before mentioned, on the United States side of the bhoundary. Approximately
5 miles above the latter fork the valley narrows down to a canyon, impassable for
canoes for over a mile, avound which a trail was cut and the canoes portaged.
River navieation was then resumed for the final 6 miles to the boundary area.

In order to project the boundary line from Boundary Peak 48 to Boundary
Peak 53 into and across the valley of the South Tork a fly camp was made on the
ridge leading to Boundary Peak 48. The peak was climbed and a point on the line
was located on a ridge immediately south of the river; from there it was produced
into the valley. The work of cutting out the vista was started on July 22, and a
small party was kept continuously at this work until the early part of October.
Four conical aluminium-bronze monuments, Nos. 49 to 52, inclusive, were
established in the valley.

The remainder of the party in the meantime had been engaged on triangulation
and camera work, and by August 23 had secured sufficient data to map the country
down as far as the main branch of the Iskut. After that date, however, the
\\:(ﬂitll(‘l' turned wet and cloudy and continued so until after the completion of the
vista cutting on October 5.

By June 5 the Bradfield River sub-party had located their camp at the head
of canoe navigation on the North Fork of the Bradfield. From this camp they
re-occupied the camera stations of the previous year, as well as several new stations
that overlooked the region southerly at the head of Blue River. Early in August
they ascended the Last Fork of the Bradfield to complete their ph()t()i(»p()gmphi('
\\'(.)1'1\'. They then, early in September, returned to Wrangell and ascended Iskut
River to join the main party.

Th(r very unfavourable weather showing no signs of improvement upon the
completion of ‘rh.(' vista cutting, the whole party started down stream. They
1\(\\?:.({;':1:3,11”::;];\i;lgn(l;;\(.:1].(1);(‘}1.0‘)(";‘1.{;f{<l)llT ‘m.\'ing'ytu stormy weather did not I‘Oiu'!l

vs later. ansportation south could not be obtained until
October 21, when they sailed for Victoria.

The bers - of the Barty wwass: e :
e personnel of the party was: engineer in charge, J. D. Craig, D.L.S.;

:1:<s1'.<tzmt‘s. J. M. Bates, Robert Smith, and A. (. Stewart; and 13 hands. The
United States representative was D. W. Eaton. |
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UNITED STATES PARTY ON THE TRIBUTARIES OF UNUK RiveEr anp LeEpuc River

) Th(? season’s work in this district was to be an extension of that of 1905 on
Unuk River, southerly to Leduc River and northwesterly to the Blue River region.
As the ('h:n'.u('tor of the topography between the head of Lake Creek, a southern
tributary ‘?f Unuk River, and Leduc River was unknown, it was thought to be
most pl':u'tu'ul)!e to re.a('h the boundary area of the Leduc by ascending that stream
as far as ]):)..\‘.\‘ll)]f—‘ with boats and then back-packing for the remainder of the
distance.  Likewise the valley of Blue River, which flows into Unuk River 6 or 7
miles below the boundary, was very little known: the lower part of the valley
was known to be filled with voleanic lava, but the difficulty of travelling had
prevented much prospecting there. Therefore, as it was certain that transportation
would be difficult, it was deemed advisable to send an advance party into the
field early in May.

A party of twelve men arrived in Ketchikan on May 12. There they were
met by a launch that carried them to the head of Burroughs Bay, where they
established a temporary camp at the landing place of the Unuk River Mining and
Trading Company. The provisions, which had been purchased in Seattle, had
been packed in bags and boxes averaging 50 pounds, appropriately marked so as
to require no breaking open of packages to distribute the contents: this greatly
facilitated the work of sorting the outfits for the three sub-parties. The mining
company furnished wagon transportation as far as “The Bluff”’, about 10 miles
up the Unuk. The supplies for the Lake Creek party were left at a cabin about
5 miles from the landing, but those for the Blue River party had to be back-packed
over “The Bluft”, a distance of about 5 miles, to the mouth of that river.

One-half of the advance party had been assigned to work on Leduc River.
On May 25 they left the landing in two 20-foot skiffs that had been built for the
purpose. The remaining six men continued the work of transportation and looked
for suitable travelling routes along Lake Creek and Blue River. On June 22 the
second detachment of the field party arrived at the landing and the force on the
Unuk was then divided into two parties, one to work on Lake Creek and the
other on Blue River.

THE LEDUC RIVER PARTY

Leduc River, which lies approximately parallel with Unuk River and 15 miles
south of it, has its source in a small glacier about 2 miles above the boundary and
empties into Chickamin River some 12 miles above its mouth. The ascent of
these two rivers was slow and arduous. Many of the bars were still covered with
snow and the nights were decidedly cold. Brush and tree jams made frequent
portages necessary, and the many rapids delayed progress owing to the necessity
of using the entire party to manage a single boat, even when only partly loaded.
About & miles below the boundary the Leduc became quite unnavigable and
supplics were back-packed from that point to a camp site near the boundary.
The ascent of Chickamin and Leduc Rivers took about 6 weeks, whereas half that
time had been considered a reasonable estimate.

91264—7
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It was found to be impracticable to climb the precipitous northe{'n slope of
Boundary Peak 18, but Boundary Peak 23 was climl)efi and temporarily marked
by a drill hole in the rock. The boundary line was projected from the ‘latbor peak
séuthorlv to Boundary Peak 18 and westerly to Boundary Peak 24. ilherv was a
considerﬁble amount of timber on each side of Leduc River, but the vista through
it would not have been difficult to cut had it not been for the .\‘t(‘(‘,]).n(‘.\':s‘ of the
slopes. As it was, the work progressed slowly l)ocausg of insv(-urn.fn:)t.mg and
because much of the work had to be done in the heavy rain that prevailed for most
of the season. At this time the boundary line could only be temporarily marked
owing to a delay in the shipment of the monuments, which did not arrive at
Ketchikan in time to be taken up the river.

Besides cutting the vista across the Leduc Valley, the party occupied Boundary
Peaks 23 and 24 as camera stations. Another operation engaged in was the
exploration of the country northwesterly to establish a route for communication
with the Lake Creek party to obtain supplies. A stream that flows northward
to Unuk River has its source in a glacier west of Boundary Peak 24; this stream
was named Gracey Creek, after Hiram Gracey, a member of the party, who was
probably the first white man te explore its upper reaches. Although this route
was found to be practicable it was quite difficult and circuitous. It was necessary
to descend to Gracey Creek and then climb to the divide between that stream and
the east fork of Lake Creek. At this divide there is a series of lakes enclosed by
very steep and crumbling slopes, around at least one of which it was necessary to
pass. The largest was selected; it was called Smith Lake for W. F. Smith, the
assistant in charge of the party, who made the first trip on this route when the
lake was discovered. This lake is free of floating ice for only a short time in the
late summer.

The working season came to an end about the middle of September, when
new snow began to fall. As it was evident that work would be required in this
area during another season the non-perishable part of the outfit was stored in
Gracey Creek Valley. The party then made their way to the forks of Lake Creck
and combined with the party there in packing and canoeing to the coast.

THE LAKE CREEK PARTY

Leaving Unuk River, Lake Creek is easily navigable with canoes for about
4 miles, although it is quite shallow in many places, until the falls are reached.
The journey to these falls from the cabin where the provisions had been stored
formed the first stage of the route to the poundary, the most troublesome part of
which was the crossing of the swift Unuk River. A steep trail was opened around
the falls and a portage was located to a point just above a narrow rocky gorge, at
\\"].li(.'h point the canoes could be used to ascend the strean: for another 3 I’:lil(‘s.‘])\'
“'lmmg”. until the stream became too swift and shallow for further canoe nziﬁ;.{:i—
tl(m.‘ A temporary camp was established just below a rock-jam in the stream
and from there a trail was made for about 8 miles to “Lake (?reek I'orks” \\'ll(‘l'(:
the permanent camp was established. b
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The principal feature of the work of this party was to be the location of
Boundary Point 28, which, as before stated, was to be on the st raight line between
Boundary Peaks 18 and 40, and on the flat snow-covered ridge about midway
between theni (See page 52). There was found to be, however, another high SNOW-
covered ridge intervening between the boundary point ridge and Boundary Peak 40,
over which it would be necessary to project the line; this was called “Net Ridge .
But the line crossed Net Ridge at the crest of a steep snow slope where it was
difficult to set up an instrument firmly, and as it also crossed the boundary point
ridge on a leng stretch of snow the projection of the line at any time would be
exceedingly difficult; moreover, the weather was so bad that it was seldom that
both terminal peaks were visible at the same time, and at cach appearance of the
sun the snow melted rapidly and constantly shifted the position of the instrument.
In these circumstances it was found impossible to project the line accurately, and
this part of the work had to be postponed for a more favourable season.

In addition to the attempted projection of the line, two stations were occupied
with the topographic camera, and one with the theodolite for triangulation.
Another trianeulation station was selected and a signal was erected, but the weather
did not peimit any further observations. This party was also actively engaged
from time to time with the transportation of supplies to the Leduc River party,
and during the season made a trail from Lake Creek Forks up the east fork to
Smith Lake.

During the latter part of September and most of October the combined Lake
Creek and Leduc River parties made their way down to Unuk River. At this
time the weather was cold and the new snow made the work very disagreeable
and dangerous.

THE BLUE RIVER PARTY

Blue River has its source in the snow fields south of Boundary Peak 47;
thence it lows for some 15 miles southeasterly to Unuk River, which it joins 6 or 7
miles below the boundary. The two largest tributaries cross the boundary, the
most easterly, the “Lava Fork™, about 5 miles, and the “West Fork™ a little over
a mile, from the Blue.

Blue River Valley for the first 6 miles was found to be filled with voleanie
lava of comparatively recent origin, making the surface exceedingly rough. Aside
from the consequent slowness of travel, great inconvenience was caused by the
rapid wearing out of footwear from the cutting action of the lava fragments; 1 or 2
days’ travel making it necessary to repair new heavy boots. The roughness of the
-ented them from falling into stable positions and they rolled under
causing a great many bad falls with severely cut hands. There
flows of the lava; one of them seemed to have had

lava blocks prey
the men’s feet,
had been two or three separate :
its origin, in part at least, only a few miles from the Unuk. It was t(.)und that the
largest flow had been down the Lava Fork from its source ahQ}xt 2 miles above the
boundary, between the Lava Fork and Canyon Creek. Some lava had also

91264—7%
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this latter stream. The mountain tops were strewn

e ' » valley of .
flowed down the valle along the edges of the lava stream had been killed by

with cinders, and the trees
i hl(ll]: first camp on Blue River was pitched on the south sidf‘ of tl}(' 1'1\"('1', :[l.!.).“m
3 miles from its mouth, at the beginning of the narrow part m't]w \all(t_\. | M-TI
there a trail was cut along the steep hillside to a point on the river where 21'_-1111 (i
lake had been formed by a lava dam. A second camp wis made on the 1:1'\ :1].{10.:;»1
the upper end of a small timbered cinder cone about 11 miles below the Lava Fork.

Lava field in the valley of Blue River.

A mile above this camp a cache was made just above some open water where
boating would not be necessary to reach the boundary. To cross the river, folding
canvas boats were used, and although they were very slow as compared with
ordinary canoes their greater portability made them more useful where they had
to be packed for long distances.! Up the Lava Fork the trail followed the lava
to the boundary line; this was the roughest and evidently the most recent of the
lava flows. The final camp was made about one-half mile from the boundary.

A number of topographic stations were established and occupied during the
season, and in the first half of August the line between Boundary Peaks 40 and 47
was located by the determination of a line point on a high snow dome about 1 mile
west of Boundary Peak 40, from which it was possible to see both the boundary
peaks. From this point the line was extended over the snow to the Albert Ridge
between the Lava Fork and West Fork, and other similar points were established
in the Lava Fork Valley. Some vista cutting was done across the valley, but
about the middle of September it was found it would be impossible to complete
the work. The three monuments that were to be set on the line were taken to
their respective sites, but the setting of them was postponed until the following

! These were 14-foot “Acme” boats weighing about 80 pounds, which could be carried in two packs.
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season in (31‘(1(‘1‘ that the line points might be verified. The non-perishable part
of the outfit was placed in a cache, and towards the end of September the party
started back to the Unuk. ’

Bears shot near boundary on Blue River.

Owing to the great difficulties encountered from the new snow and high water,
the combined parties did not reach the mouth of the Unuk until the latter part of
October.

Great and unforeseen difficulties encountered in a hitherto unknown country,
together with an exceptionally rainy season, prevented the completion of the work
in this district: but a good start was made and the routes of transportation were
well established for continuation of the work the following season.

The personnel of the party was: engineer in charge, O. M. Leland; assistants,
S. L. Boothroyd, G. I. Gavett, and W. F. Smith; and 17 hands. The Canadian
representative was 17. H. Mackie, D.L.S.

SEASON OF 1909—EAST OF ENDICOTT ARM, ISKUT RIVER, LEDUC
RIVER., AND THE TRIBUTARIES OF UNUK RIVER

The field work of 1909 was in its entirety a continuation of the unfinished
surveys of the previous year. Two Canadian parties were organized to return,
respectively, to the boundary area east of Endicott Arm and to Iskut River, and
likewise a United States party was organized to reascend the tributaries of Unuk
River and to complete the work at the head of Leduc iver.

In the spring of this year His Britannic Majesty’s Commissioner placed the
direction of the Canadian parties in the hands of Mr. Noel J. Ogilvie, D.L.S,,
previously engaged on the 49th Parallel in British Columbia; this position was
held by Mr. Ogilvie until the completion of the field work of 1914.
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with that of 1904 on Stikine River. Early in August a canoe load of supplies
was lost on the Iskut; one Indian was towing the canoe and another was in it,
steering, when it fouled a partly submerged snag. Towards the end of September
the river had risen very high and the snow line was creeping lower each day.
Hoping to complete the triangulation to the Stikine the party stayed on, but as
the bad weather continued they returned to the mouth of the Iskut on October 1.
It then rained continuously until October 7. Early the next day the engineer in
charge started for Wrangell in a canoe and, assisted by wind and tide, arrived there
early in the afternoon. A launch was chartered to bring the party and outfit
from the mouth of the Iskut and on October 17 they returned to Vancouver.

The work of this party completed the survey of Iskut River. Although the
triangulation was not completed to the Stikine, the geographic control for this
area was provided by the position of Boundary Peak 53, obtained from the Stikine
River work of 1904, and Boundary Peak 48, from the Bradfield River work of 1907,

The personnel of the party was: engineer in charge, F. H. Mackie, D.I.S.:
assistant, J. M. Bates; and 8 hands.

UNITED STATES PARTY ON THE TRIBUTARIES OF UNUK R1vER AND oN LEDUC RivER

The party reassembled at the mouth of Unuk River on May 8. There it was
divided into three sub-parties to work on Leduc River, Blue River, and Lake
Creek. Transportation was again facilitated by the use of the teams and wagons
of the Unuk River Mining and Trading Company; but considerable work was
necessary to clear the road of windfalls and to repair bridges. Owing to the
difficulties of navigation encountered on Leduc River during the previous year
it was planned that the Leduc River party should reach their field of operations by
way of Lake Creek; so, while the Blue River party continued up the Unuk, the
combined Lake Creek and Leduc River parties made their first camp at the log
cabin a mile below the mouth of Lake Creek.

A temporary camp was made by the two parties at the old site above the
Lake Creek falls on May 26, and from this camp as a base they transported their
outfits and supplies from the log cabin to the forks of Lake Creek, where the
permanent camp for the Lake Creek region was again established. Upon com-
pletion <)~f tlw‘transpormti(m. on June 24, the Leduc River party continued with
Ihl(((ll)\i((l\i::i :ift(t\]lf;1111‘<1(\;l]111(1>])Ilj-ll(]j:,t (l‘lll‘()‘()f]]—](‘ 1\t ffn'l( of La‘l\'v‘(‘r.('('k to t-h(' old (.ilizu.'o_\'

re : te, ¢ ¢ < party commenced their work in the vicinity
of Turning Point 28. .

LAKE CREEK

"l‘hv work on Lake Creek included the reoccupation of the old triangulation
stations, .tln' location of the line from the Unuk Valley to Turning l’()i‘ntr:) : and
the 'mzn'km;: of the boundary line by a vista and several monuments. Bad \:'\(“vltkllm'
again caused delays in all of the work that involved observing. Tiw v;ton\'i((m of
the line t()"l‘uminp; Point 28 was attended with a (‘()Iltillllilt;)n of th(*idifﬁ.('ultim
that made its completion impossible the previous year. In addition. as flw svusmll



SEASON OF 1909

LAKE CREEK AND LEDUC RIVER 89

was more backward than usual, the signal on Boundary Peak 40 was obscured for
a long time by a deep bank of snow just east of it. I"ilially. however, ()n. August 9
B‘(mndury Peaks 18 anfi 40 were both visible. The assistant in charge of the Lake
(.1'(~<'k ‘]).211‘1‘\'. placed hlmsel.f on the snow-covered “Net Ridge” of 1908 and lined
}nm.\'vl‘i in \\'1'th th.o theoqohte on the true line between Boundary Peaks 18 and
4()._ I'rom his point on line he then lined in the assistant in charge of the Leduc
Rl\'(‘l'- party on the snow-covered slope of Mount Middleton, placing him on the
true line between Boundary Peaks 18 and 40. The true line as thus established
on Mount Middleton was then projected toward Boundary Peak 18 until it
reached an outcrop of rock on which it could be p(-rm;nwntl\' marked. A
point on this outerop was assumed by the engineer in charge to be a satisfactory
position for Boundary Point 28. ‘

Late in August the party was rejoined by the Leduc River party. The vista
across the west fork of Lake Creek was then completed and two copper bolts were
placed to mark the boundary, one on each side of the creek. A conical monument
was also placed on the rock outerop mentioned above to mark Boundary Point 28.
But this location proved to be unsatisfactory to the commissioners, as it did not
conform to their decision of 1905 regarding the point in question. As will be
seen in the narrative for 1920, the monument was removed and Boundary Point 28
was shifted northwestward to the erest of Mount Middleton ridge on the line
between Boundary Peaks 18 and 40.

LEDUC RIVER

After the experiences of the previous year in packing on the steep slopes around
Smith Lake, a folding canvas boat was provided for crossing the lake, but owing
to the backwardness of this season the lake was still covered with ice at the end of
June. The snow on the slopes, however,
being solid enough to support a foot-path,
most of the packing around the lake was
completed before it melted away. A camp
was then established above the glacier at
the head of Gracey Creek.

As the vista across Ledue River had
been completed during the previous season
it only remained to erect the monuments
there, which was done from a fly camp
with the smallest possible outfit. Using
the Gracey Creek camp as a base the
party back-packed the supplies over the
divide to the Clarasmith Glacier, con-
structing a sledge to facilitate transpor-
tation over it. Boundary Peak 23 was

occupied to put the monuments on the
line to Boundary Peak 18. Two conical

Monument at Boundary Point 22, Leduc River
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monuments. Nos. 21 and 22, were erected, and the line was further marked by two

copper holts, one on each side of the river. These monuments and }mlts. were

connected with the triangulation and several camera stations were occupied in

this area. While this work was in progress there was continuous rain for 10 days.
GRACEY CREEK

The Ledue River party returned to the Gracey Creek camp on August 12.
Although the growth of timber here was not heavy they found it difficult to cut
on the steep slopes. A monument was placed above the glacier on the east side
of the valley and a copper bolt on top of a bluff on the west side. This line,
however, was altered in 1920 owing to the change in the final point selected by the
commissioners to mark the position of Boundary Point 28,

Upon the completion of their work in Gracey Creek Valley, on August 24,
the party moved to the west fork of Lake Creek where they joined the Lake Creek
party. The Lake Creek line was finished on September 8 and 3 days later the
entire outfit of the two parties had collected at the forks for transportation
to Unuk River. A long rainy period followed, the creek was flooded and the
difficulties of transportation were increased so much that Unuk River was not
reached until October 4. The combined parties then went up to Blue River to
assist the party there with cutting the vista on the West Fork.

BLUE RIVER

As already stated, the Blue River party continued up Unuk River when the
other parties went up Lake Creek in the latter part of May. A team was taken
around “The Bluff” and used to haul the supplies and outfit to the mouth of
Blue River. A temporary camp was made near the mouth of the Blue. and as
the water was exceptionally low at this time the old camp below the Lava Fork
could be reached without leaving the lava: this was easier than packing over the

Camp on lava bed of Blue River
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mountain trail on the southwest side of the valley. The final camp was established
at the old site on the Lava Fork at the end of June.

The vista cutting was then resumed on the steep valley slopes; there the
timber was mostly hemlock, the largest trees being about 2} feet in diameter.
The cutting was completed on September 5. In the meantime the line between
Boundary Peaks 40 and 47 was retraced, Monument 42 was erected at the lower
end of the vista on the east side of the river and a copper bolt was embedded in
the rock at the upper end; on the west side of the river Monument 43 was erected
high up on the Albert Ridge and a copper bolt was embedded on the crest of the
same ridge. The first of these bolts was replaced in 1920 by Monument 41 and the
latter by Monument 44.

Above the mouth of the Lava Fork on Blue River, Blue Lake extends for
2 miles between steep mountain sides. This lake was formed when the flow of
lava filled the river valley below it. A canoe was used on the lake and upper river
to reach the work on the West Fork of Blue River.

A camp was established near the southeast end of Blue Lake from which an
observing party occupied several triangulation and camera stations. This camp
also served as a base for the work on the West Fork, which was started on
September 7. Although it was estimated that with the assistance of the party
from Lake Creek, the vista across the West Fork Valley would be completed in
2 weeks’ time, owing to the late arrival of that party, on October 10, and the very
bad weather, cutting was discontinued on October 15 before being completed.
Monument 46 was erected on the west side of the valley and Monument 45 was
taken to its site on the bluff on the east side, but because of the deep snow 1t was
not set up; later, in 1920, it was erected by the party working in that region.

Returning to the mouth of Unuk River the whole party was assembled at the
landing by October 27—a team having been secured to haul their equipment down
from The Bluff. The entire party did not reach Ketchikan until November 5,
well soaked by the persistent rain and snow. There a warehouse was utilized for
drying and packing the outfit. They left Ketchikan for Seattle on November 8.

The work of this party virtually completed the boundary delimitation on
Ledue River and on Unuk River and its tributaries. Subsequently, mining
developments between Unuk and Salmon Rivers called for further work in the
locality, which was done in 1920.

The personnel of the party was: engineer in charge, O. M. Leland; assistants,
S. L. Boothroyd, G. L. Gavett, and Jesse Hill: and 23 hands. The Canadian
representative was T. H. G. Clunn, D.L.S.

SEASON OF 1910—TSIRKU RIVER, CHILKAT RIVER,
TALLSAYKWAY RIVER, AND SALMON RIVER

During the season of 1910 one United States party and three Canadian
- = $ 4 Tins 4 3 Hxr aap S Vv
parties worked in various districts. The United States party asc ended Tsirku

3 ; " arv Peak 157 ade direc
River and, occupying the peaks southerly to Boundary Peak 157, made direct
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] S S " < o Irs IPARIES
Un1TED STATES PARTY ON Unuk River AND I1s TRIBUTAR

Immediately following the meeting of the Commissioners in‘ Mar(:h t.lu-
United States (C'ommissioner communicated with the officers of tl?o‘ l‘()r(-)st Service
in Ketchikan, and through them purchased 5,500 poupds of provisions for the use
of the Unuk River party. He also made a contract with two (‘Xl)(‘l'l(‘l.l('(‘(l _pzu-l\'m-s_
who were to deliver these provisions at the boundary, some 30 miles .imm the
mouth of the river, and return to Ketchikan by May 18 for the party, \?'1111 \\:]mnl
they agreed to work during the field season. 'l‘hf‘ }):1}'1{913 were su]i)'plw(l with a
Yukon poling boat, built to their specifications in Ketchikan. .\\lt}l one man
and an Eskimo dog on the tow line and two men in the boat with poles, they
relayed the provisions up the river to a cache near the boundary in 17 days.

The party was organ-
ized in Seattle, where an
18-foot Oldtown canoe, a
13-foot King canvas fold-
ing boat, sail-silk tents,
and further provisions
were purchased. They
arrived in Ketchikan on
May 13, and 4 days later
established camp in the
abandoned storehouse of
the Unuk River Mining
and Transportation Com-
pany. An attempt was
made to reach the boun-
Lining poling boat up Unuk: River. dary by the old mining

road; but bridges had

been washed out, fills around the rocky bluffs had caved in, and the snow was
too deep in the woods for effective trail making. Consequently, the whole party
made their way up the river, with their supplies and equipment, in the poling
boat. They stopped at four camps en route, and the journey was made in relays,
two trips between each camp. Great difficulty was experienced in passing through
the canyon where Blue River enters the Unuk. In the last 500 feet of this canyon
there was a vicious cross current with eddies on each side.  After a struggle with
the swift current the boat was got to a small island upstream. There a rope was
tied to a tree and the supplies were ferried up to it by alternately allowing the boat
to drift downstream and hauling it up again hand over hand. On June 1 the last
boat load was taken from the fourth camp to the cache near the boundary.

[t had been believed that the vista on the southeast side of Unuk River had
been completely cut in 1905, but it was found that this was not so. Most of June
was spent clearing this vista, which proved to be difficult work through the heavy

timber on the steep slopes.  During this time an attempt was made to get a trail
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up Boulder Creek and across the divide to
Gracey Creek, but the attempt was abandoned
as impracticable.

On June 30, the engineer in charge left
camp early in the morning and arrived at the
mouth of the river in the afternoon. He was
accompanied by the two packers and their
assistant who had decided to leave the party,
and by a member of the party who was suffer-
ing from appendicitis.  They were taken to
Ketchikan by launch on the following day.
While there,
and a frame was put on the stern for attaching
On July 12, with four
new men, the engineer in charge returned to

the poling boat was overhauled
an vinrude motor.

Unuk River, which was by this time in flood.
By using oars and motor they reached the foot
of the canyon on July 15, but upon resuming
their voyage upstream the next morning they
could make no headway against the swift
current, so they again resorted to their 500
feet of tow line.
let one end downstream attached to a float,
the boat.

using the motor to keep it away from the shore.

UNUK RIVER AND 17

Two men went ahead with the line and from a convenient spot
which was picked up by the men in
The line was then tied to a tree to which the men hauled their boat,

3y continually repeating this

operation it took them 2 days to ascend the 1-mile length of the canyon.

In the meantime a base line had been measured on the bars of Unuk River

Poling boat at upper end of first canyon ol

near the main camp, Monu-
ment 34 was set, and this
monument, I();:(’Ilu'l' with
Nos. 35 to 38 inclusive,
set in 1905, was tied 1In
to the triangulation; dur-
ing that time also the
(‘anadian representative
started phototopographic
work between Unuk River
and Boulder Creek.
Operations were de-
layed early in August by
floods,

heavy rains and

but on August 7 the floods
The

began to subside.




118 FIELD OPER:\TIOI\'IL

triangulation and monument-setting party then
crossed the Net Ridge to Lake Creek, from
where they resumed the work of 1909. On
the line between Boundary Points 40 (Mount
Stoeckl) and 18 (Mount John Jay), a point
on Net Ridge marked by a pole and cairn dur-
ing that year was recovered and used for the
selection of a site for Monument 32. From
this monument the vista was reopened in both
directions. On the northwesterly side of the
ridge Monument 33 was set on the highest
rock ledge crossed by the line. Southeasterly,
Monument 29 was set just below the snow
‘ field on Mount Middleton, Monument 30 was
set on the east side of Lake Creek by remov-
ing the bolt set in 1909 and drilling a larger
| hole, and Monument 31 was set 0-051 metre
! | southeasterly along the line from the bolt estab-
‘ lished during the same year on the west side of
Lake Creek.
| On August 17 packs were taken over the
| snow ridge of Mount Middleton to Gracey O R A R e R T
' Creek, and between that date and August 29 ' ¥
-amps were established on Gracey Creek and Leduc River. Turning Point 28
was re-established, on the highest part of the snow ridge of Mount Middleton
over which the line between Boundary Peaks 40 and 18 passed, as specified by
| the commissioners in their definition of this point in 1905.! From 'l‘urnin.g

Point 28 the line was
re-run across Gracey
Creek toward Boundary
Peak 24, and the new
vista was cleared. Monu-
ments 25, 26, and 27 were
set on this line, Nos. 25
and 26 replacing the
monuments set on the
old line in 1909. The
remains of the old monu-
ments were built into
cairns referencing the
new monuments. Monu-
s oo B g N ments were also placed

A e snow-covered ridge of Mount Middleton. on Boundary Peaks 23

! See page 53.
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and 24, the bolt set in 1909 on the latter peak being left to serve as a reference
monument. From the Leduc River camp the vista was re-cut across the river
between Boundary Peaks 23 and 18.  On this line Monument 19 was set on a spur
of the ridge of Boundary Peak 18, the terminus of operations for the Canadian
party working from Salmon River; Monument 20 was set near the bolt set in
1909 on the south side of Ledue River; Monument 21 set in 1909 on the north
side of the river and Monument 22 also set in 1909 on the slope of Boundary
Peak 23 were numbered.

By September 1 the whole party had reassembled at the Unuk River camp.
After several days of rain and wind, while the vista cutting, phototopography, and
monument numbering were being completed in that region, supplies and equipment
were moved down Unuk River to the mouth of Blue River. Light outfits were
taken over the lava to fly camps near the boundary in the vicinities of the Lava
Fork and the West Fork
of Blue River. On Blue
River above the Lava
[Fork the canvas folding
boat was used to cross
Blue Lake, and it was
then lined up the river
to the mouth of the West
Fork. From the Lava
Fork camp Monument 41
was set at the site of
the bolt set in 1909 near
the glacier on the east,
and Monument 42 on the
east side of the Lava
Fork was numbered. On Fly camp on the West Fork of Blue River
the west side of the Lava
Fork, Monument 43 was numbered and Monument 44 was set on the Albert
ridge near the site of the bolt placed there in 1909. From the West Fork camp
Monument 45 was set. This was the cone-type monument that had been left
west of the Albert ridge in 1909; it was set over a cross on the rock that had been
located by triangulation during that year. In addition, 13 days were spent in
cutting vista that had not been cleared in 1909.

On September 28 the party moved down Unuk River to the storehouse at its
mouth. On their way down the boat was swept under an overhanging tree and
swamped, but by quick work most of the equipment and all of the records and
The photographic plates, having become wet

photographic plates were saved.
On October 10 the party

from their immersion, were developed in Ketchikan.

was disbanded in Seattle. _
The personnel of the party was: engineer in charge, Jesse Hill; assistant,

Nelson W. Smith: and 6 hands. The Canadian representative was J. A. Pounder,
D.1.S.; assistant, D. F. Chisholm.
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MAINTENANCE UNDER THE TREATY OF 1925

Since the adoption of the Treaty of 1925, maintenance on th('a boundary f rom
the entrance of Tongass Passage to Mount St. Elias has been carried on from time
to time by the Commissioners as briefly outlined below. More ‘dotall‘ed‘ accounts
of these operations are contained in the annual reports that the ( ommissioners are
required to present to their respective Governments under the provisions of Article
IV of the Treaty of 1925.

SEASON OF 1925—S1ikINE RIVER

The vista across the valley of Stikine River was recleared in 1925 by arrange-
ment between the Commissioners and the United States General Land Office.

SEASON OoF 1927—PorTLAND (CANAL

During this year the Commissioners inspected the boundary reference
monuments on Portland Canal and the boundary monuments and vista at the
head of the canal. No immediate maintenance operations were considered to be
necessary on this part of the boundary.

SEASON 0F 1929—S1IKINE AND TAKU RIVERS, STEPHENS
PassAGE, AND BurrovGHs Bay

During the year 1929 some additional triangulation was required in southeast
Alaska to more completely tie the boundary triangulation to the first-order net of
triangulation of the United States Coast and Geodetic Survey. This was necessary
to enable the Commissioners to determine the geodetic location of the International
Boundary line from the entrance of Tongass Passage tc Mount St. Elias on the
recently adopted 1927 North American datum, common to both countries.

The work was done for the Commission by the United States Coast and
Geodetic Survey in conjunction with other triangulation being done in Alaska by
field parties of that bureau. This co-operative arrangement between the Com-
mission and the Coast and Geodetic Survey resulted in a considerable saving of
public funds as it obviated the duplication of expense that otherwise would have
been incurred had separate field parties of the two organizations been sent to this
distant locality.

STIKINE RIVER TRIANGULATION (horizontal and vertical angles)

Origin: first-order stations “Dry Pass east base” and “Rynda’ on Drv Strait.
Ferminus: Boundary Points 62 and 66 (Mount Coté and Elbow Mountain);
Intersections on Boundary Points 54, 69. 70. and 71.

Length of net.

: : == _ 26 miles
Second-order stations occupied g

; : 2
Unoccupied check stations ]"
:\\'(-r_:lm' closure of triangles ;4
Maximum closure of triangles .l "7
a.(

120
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TAKU RIVER TRIANGULATION (horizontal and vertical angles)

o, o P . 2 '(ij » 1o y '
Origin: first-order stations “Bishop” and “Arden” on Stephens Passage.
rminne: stations “Twin’’ CEN 2 ‘ i .
T(nnu.m.\. .\ta‘tmns T\\ in” and “Azimuth” of the Boundary Commission’s 1906
triangulation, 7 miles below the boundary; intersections on Boundary Points
86, 93, and 94.

Length of net____ 32 miles

Second-order stations occupied :5(-i

Unoccupied check stations "

Average closure of triangles 5

Maximum eclosure of triangles . . ) V'8

In addition, 17 stations of the Taku Inlet triangulation, executed in 1888, 1890, and 1893,
were recovered and tied into the new net.

STEPHENS PAssAGE AND WHITING RIVER

In 1906 the Boundary Commission had extended a net of triangulation by
way of Port Snettisham and Whiting River to connect the boundary points of
this region with the Coast and Geodetic Survey triangulation of 1888 on the west
side of Stephens Passage. The plan for 1929 was to tie two or more of the Boundary
Commission’s stations to the recent first-order net of the Coast and Geodetic
Survey along Stephens Passage. While the party was at work in this region,
however, early in June, the stations of 1906 could not be occupied on account of
the depth of snow. In lieu of the aforementioned plan, an attempt was made to
recover the stations of 1888 on the coast from which the Commission’s triangulation
had been started, but only one of the 1888 stations could be found, station “Zine.
In these circumstances it was decided that the incorporation of station “Zine™ in
a quadrilateral with three first-order stations of the Coast and Geodetic Survey in
Stephens Passage would be acceptable for the new adjustment of the boundary
triangulation. This was accordingly done. The mean and maximum closures of
the four triangles involved in this connection were 172 and 275 respectively.

BURROUGHS BAY (horizontal angles)

Origin: first-order stations “Act” and “North Base, 91”7 at the entrance of
Burroughs Bay.

Terminus: stations “Dick” and “Tab” of the Boundary Commissions 1905
triangulation.

! —1 =
Length of net l"’: mile

Second-order stations occupied . l
Unoccupied check stations

SEAsSON OF 1936—KuLEHINT RIVER, Write Pass, axp Tarr INLET

Further work in connection with the transferring of geographic positions of
the boundary triangulation stations from the southeast Alaska to the 1927 North
American (l:;tum was undertaken in 1936.  During this year the Engineer to tha
United States Section of the Commission In co-operation with officers of the
United States Coast and Geodetic Survey extended a net of second-order triangu-
lation up Chilkat Inlet and Chilkat and Klehini Rivers and a net of first-order




LODE MINING IN THE JUNEAU AND KETCHIKAN DISTRICTS.

By J. B. MERTIE, Jr.

INTRODUCTION

During the last few years gold mining has been 1ncreasmgly dlﬂicult
to conduct as a profitable enterprise. The advances in cost of labor
and commodities of all kinds have worked a special hardship upon
the gold-mining industry, for the standard and unchanging value of
gold has rendered it impossible to offset the high prices by increasing
" the market value of the product, as in other industries. Low-grade'
gold properties that were formerly worked on a small margin of proﬁt
by means of large-scale operations are now either scarcely earning
their operating expenses, or are being worked at an actual loss for
the sake of enabling the operators to hold their organizations together.
Properties of somewhat hlgher grade are likewise adversely affected,
for even for them gold mining has become much less profitable. This
condition is reflected in southeastern Alaska by a general policy of
retrenchment in mining operations on the part of owners and opera-
tors of gold mines. Moreover, present economic conditions have had
a very hurtful influence, both economic and psychologlc upon the -
development of new gold mines.

In the Juneau gold belt the Alaska-Gastineau, Alaska-Juneau, and
Treadwell properties were operated in 1919, and prospecting and de-
velopment work were carried on at the.Jualin mine, Berners Bay;
at the property of the Admiralty-Alaska Gold Mining Co., at Funter
Bay; at the Red Wing group of claims, at the head of Windham Bay;
and at the copper property of the Endicott-Alaska Mining & Milling
Co., at William Henry Bay. The Peterson mine, at Pearl Harbor,
was also worked on a small scale during the summer. Elsewhere in
this district mining and prospecting were practically at a standstill.

In the Ketchikan district mining was confined largely to Prince of .
Wales Island. The Rush & Brown copper mine and the Salt Chuck
copper-palladium mine, on Kasaan Peninsula, were operated through-
out. the year, and the Dunton gold mine, near Hollis, was worked
intermittently. Prospecting and development work were continued
at the molybdenite property of the Treadwell Co., near Shakan.
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MAINLAND.
PERSEVERANCE MINE.

The Perseverance mine of the Alaska Gastineau Mining Co., about
4 miles east of Juneau, was operated in 1919 on a basis ranging from
150,000 to 200,000 tons of ore a month, whereas the rated capacity
of the mill is 10,000 tons a day. About 460 men were employed.
The ore is being taken chiefly from levels 8, 9, 10, and 11. "New con-
struction and mine-development work have been greatly restricted,
partly because of large increases in operating expenses and scarcity
of labor, but also because development work is already considerably
ahead of mmmg operations.

This project is a striking example of the hardship wrought upon
the gold-mining industry by the increased cost of labor and supplies.
According to data published in a paper by the manager of the Alaska-
Gastineau Mining Co.,! the cost of supplies of all kinds advanced 35
per cent over the prewar cost in 1917 and 70 per cent in 1918, and
it is believed by the writer that the advance reached 100 per cent in
1919. Wages increased 7 per cent in 1917 over the 1916 standard,
25 per cent in 1918, and, it is believed, at least 40 per cent in 1919.
The cost of operation has therefore increased steadily during the last
three years. The average cost of ore delivered to the mill over a
period of four years is shown in the same paper to be about 48 cents
a ton, and in view of the increasing costs in the last three years it
is fair to judge that the present cost is considerably above this figure.
To this must be added milling, shipping, smelting, and administra-
tive charges, which will probably amount to 80 per cent of the cost
of ore production. Data on the production of the Perseverance
mine, published in monthly statements in the Engineering and Min-
ing Journal, show that the net value per ton during 1919 ranged from
60 to 75 cents and averaged perhaps 70 cents.

ALASKA-JUNEAU MINE.

The Alaska-Juneau mine was operated continuously during 1919,
employing about 225 men in the mine and mill. The new 8,000-ton
mill, which was completed in 1917 and tried out in 1917 and 1918,
was found to be less than 50 per cent efficient, and in 1919 much
attention was given to improvements in milling practice. The flow
sheet of the mill has been changed materially, and alterations have
been made in the milling machinery. The chief improvements have
been the introduction of hand picking of the ore as it comes from the

1 Jackson, G. ., Mining methods of Alaska Gastineau Mining Co.: Am. Inst, Min. and Met. Eng. Trans.,
1919, pp. 1547-1570.
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12-inch grizzlies, the introduction of the old stamp mill into the
flow sheet, and the rebuilding of the tube mills. The first change
was necessary to prevent the handling of an excessive amount of
waste; the second to avoid overloading the ball mills; and the third
to correct poor construction in the tube mills. Milling difficulties
are gradually being overcome by these changes.

The lode system at the Alaska-Juneau mine is cut by the Silver
Bow fault, which strikes about east and offsets the ore body hori-
zontally 1,000 feet, dividing it into a north and a south ore body.
The ore between these two ore bodies lying along the fault is in the
nature of fault-plane drag and is irregular in distribution. Present
operations are being devoted mainly to cleaning up the old 400 stope,
between the two main ore bodies, and to active development of the .
north ore body. The main haulage tunnel on the north ore body has
been extended within 250 feet of the boundaries of the Alaska-Ebner
property, and the 420 stope is being actively opened. It is planned
to open a 430 stope and successive stopes to the northwest along the
north ore body to the limits of the property. In addition, a main
haulage way and three level tunnels have been driven in the south
ore body, which will ultimately be developed as extensively as the
north ore body. The ore mined in 1919 was taken in about equal
amounts from the 400 and 410 stopes.

ALASKA-EBNER MINE.

After a period of inactivity of about a year, development work
was resumed at the Alaska-Ebner mine of the United States Smelt-
ing & Refining Co., near Juneau, in the summer of 1919. A main
tunnel running 3,200 feet in a northeasterly direction, thence east-
ward 1,400, feet, had preyiously been driven, 1ntersect1ng the ore
body. The present development work consists in the continuation
of the main tunnel northeastward from the 3,200-foot point, with
the intention of intersecting the ore body farther northwest.

JUALIN MINE.

Development work was continued at the Jualin mine, in the

- Berners Bay district, owned by the Jualin-Alagka Mines Co., but no

ore was produced. Fifty-five men were employed—40 at the lower
camp and 15 at the upper camp. At the lower camp work was con-
tinued on the 7,000-foot tunnel, which when -completed will inter-
sect the ore body at depth and will afford natural drainage for the
mine. This tunnel is now being driven by three shifts operating two

. drills, advancing about 15 feet a day, and in September, 1919, had

been driven 2,500 feet. If conditions are favorable, the tunnel
should be completed by 1921.
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The mine, at the upper camp, was pumped dry in 1919, after
being flooded for a year and a half, and development and exploration
work was continued. A short drift was driven on the 310-foot level,
and several other drifts and crosscuts were expected to be completed
before 1920. Exploration was carried on chiefly by means of two
long drill holes. The first of these started from the southwest side
of the property, on the 310-foot level, and was driven horizontally
1,000 feet to the southwest; the second, beginning at the east side
- of the mine, likewise from the 310-foot level, had been driven hori-

zontally a little north of east about 1,250 feet in September and was
to be continued to 1,500 feet. A third drill hole is planned, which
will start from the northwest side of the mine and be driven west
with a dip of 18° a minimum distance of 1,000 feet. In the lower
tunnel drill holes will be driven every 500 feet at right angles to the
tunnel on both sides to the limits of the property. '

The mine is now well equipped for development and mining opera-
tions. A horse tram connects the wharf at Berners Bay with the
lower and upper camps, and all threé are connected by telephone. A
wireless plant also affords communication with Juneau from the
upper camp. Power at the upper camp is developed from Johnson
Creek, which with an 80-foot head yields 100 horsepower. The
water is turned back into the creek, and at the lower camp, under
a head of 576 feet, 500 horsepower is developed. For use in winter,
four 150-horsepower Petters semi-Diesel engines have been installed,
and these are so adjusted that water may be used in conjunction
with the engines when available. A 2,750 cubic foot compressor
that uses 350 horsepower and will run. 26 drills has also been added
to the equipment. The stamp mill, which has a capacity of about
30 tons a day, with two amalgamators and two concentrating tables,
at the upper camp, suffices for present mining operations, but plans
for future operations include the erection of a new mill of greater
capacity and the treatment on a large scale of low-grade dissemi-
nated ore, as well as the richer ore from the quartz veins.

The character of the mineralization at the Jualin mine and the
number and character of the gold-quartz veins, so far as they were
known in 1909, have been fully described by Knopf.? - In addition
to the three quartz veins known at that time, two others lying to the
northeast, known as Nos. 4 and 5, have been discovered. The
exact significance of these veins is not definitely known, but at
present No. 4 is believed to be a different vein from Nos. 1, 2, and 3,
Mill practxce to date has demonstrated that about 80 per cent of the
gold in the quartz veins is free. The remaining 20 per cent is con-

_tained with the concentrates, Wh1ch are chiefly pyrite, with some chal-
copyrite and galena.

2 Knopf, Adolph, Geology of the Berners Bay region, Alaska: U, S. Geol. Sur\.rey Bull. 446, pp. 44-47,
1911,
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PETERSON MINE.

Gold-lode mining on a small scale was continued on the Prairie .

claim, at the Peterson property, near Pearl Harbor, in 1919, and
resulted in a small production. Recent work has consisted in mining
two quartz veins from an open cut, practically at the surface, one
about 4 feet and the other about 6 feet thick. The vein material is
much weathered, disintegrated, and iron stained. A number of
other croppings of vein quartz show on the property, but little explora-
"tion or development work has been done. It is certain, however,
that a number of quartz veins are present.
The ore is carried by horse tram to a small 3-stamp mill which has
a capacity of 1} tons in 16 hours and is operated by water power.
Here the ore is reduced and plated, and the concentrates are col-
lected on a concentrating table. About 80 per cent of the gold is free

and is recovered on the plates. The concentrates are shipped to

Tacoma for treatment. \
MINE OF ENDICOTT—ALASKA MINING & MILLING CO.

A low-grade copper mine is being developed by the Endicott-
Alaska Mining & Milling Co. at William Henry Bay, on the south-
west side of Liynn Canal, about 8 miles due west of Point St. Mary,
at the entrance to Berners Bay. The bay is three-fourths of a mile
long and 800 yards wide, is easy to enter, and is considered to be a
good anchorage. Beardslee River enters at its head.

The mining property is about a mile west of the head of the bay,

160 feet above sea level. Development work has been in progress for

about three years, and it will soon be possible to determine the
amount and grade of available ore. Sixteen claims are held, of
which 11 have been surveyed for patents. ' ‘
The geology of the west side of Lynn Canal is complex and has so
far been little studied. The strike of the rocks is roughly parallel
to Lynn Canal, which is considered to lie along an extended fault
zone. IHence correlation between the rocks on the east and west
sides of the canal, as no paleontologic data are at hand and the litho-
logic sequence is imperfect, is hardly warranted. Along the shores
of William Henry Bay the bedrock consists of a highly contorted
limestone, in part thin bedded and in part more massive, with which
some slaty argillite is interbedded, considerable chert, both massive
and banded, greenstone flows, and clastic derivatives of the green-
stone, classifiable under the general designations greenstone tuffs and
graywackes. One of the greenstone derivatives consists of a conglom-
eratic rock, composed of rounded pebbles of limestone and other
rocks embedded in and cemented by the tuffaceous material. Large
dikes of diabase cut the stratified series of rocks. North of William

~
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Henry Bay the greenstone tuffs and related rocks are the dominant
rocks along Lynn Canal, continuing northwestward to the entrance
of Chilkat Inlet, but limestones and other sedimentary rocks are
present a short distance inland. South of William Henry Bay the
rocks along the coast line are chiefly sedimentary, including argillite,
slate, and limestone. It appears, therefore, that the boundary line
between the greenstone series and the limestone-argillite rocks may
run inland in a general northwesterly direction from William Henry
Bay.
The country rock at the mine is in general greenstone tuff with
interbedded lava flows, cut here and there by dikes. The tuffs and
flows appear to be quite different in petrographic character. The
. tuffs, which in reality grade into graywacke, are greenish to greenjsh—
gray rocks, of fine-grained texture and very difficult to classify in
the hand specimen. Under the microscope they are seen to be clastic
rocks composed mainly of angular to subangular grains of acidic
plagioclase, chiefly albite and oligoclase-albite, in an indefinite ground-
mass or cement of sericitic and kaolinic material. They also contain
grains of an igneous rock, which on account of the character of the
plagioclase feldspar would be classed as sodic trachyte or albite an-
desite. Commonly these rocks are altered and show more or less
calcite, quartz, epidote, and chloritic and sericitic material. In
much of the rock the feldspars and other detrital constituents are
bent, fractured, and veined by secondary minerals. The interbedded
flows, which form a minor part of the sequence at this locality, are
difficult to distinguish in the hand specimen from the clastic rocks,

. for they are likewise greenish and aphanitic. They are somewhat
darker in color, however, and under the microscope are found to be
basaltic. They are holocrystalline to somewhat glassy; are composed
essentially of labradorite, augite (sometimes basaltic hornblende),
and iron oxides; and are in places much altered, particularly in the
feldspar, which has been changed to sericite. The only dike seen in
the mine was a fine-grained holocrystalline rock composed of biotite
and augite, with iron oxides and apatite, joined by interstitial albite.
This rock is a sodic augite minette.

Along the mountain side southwest and west of the mine rocks of
the same general character were seen. At an elevation of 1,200 feet,
about S. 40° W. from the head of William Henry Bay, is a steep face
of rock known as the Palisades. This rock is a fine-grained greenish-
gray graywacke, which under magnification is seen to be composed
of subangular to rounded grains of quartz, oligoclase-albite, and felsic
rock, in a cement composed of epidotic, kaolinic, and sericitic material.
Somewhat higher up, at an elevation of 1,900 feet, is a tuffaceous rock
of the same general composition but of coarser grain and approaching
mors closely a true igneous rock in appearance, which continues up-

’
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Ward to a high flat on top of the spur. To the northwest along this
ridge the country rock changes to a series of interbedded argillite and
limestone.

A short distance northwest of thé mine, in a little creek tuffaceous
graywacke of the samegeneral character as that at the mine is exposed.
Some of this rock shows considerable dynamic metamorphism, being
sheared and rendered more or less schistose. One specimen was
found to be essentially a fine-grained quartz-mica schist, although
under the microscope the original fragmental-character could still
be observed. ©

The copper lode that is being developed is a vein composed chiefly
of calcite, with considerable silica in the form of tiny veinlets of quartz
and chalcedony. The copper ore is exclusively chalcopyrite and
occurs with the quartz. The vein pinches and swells but probably
averages 10 feet in thickness. The general strike is about N. 75° E.
and the dip 80° S., but there are many local irregularities in attitude,
due mainly to faulting. The ore carries only small quantities of
+ gold or silver and is classed as a low-grade copper ore. The mine is
being developed on the assumption that a 2 per cent copper ore can
be produced.

The tunnel starts on the Bonanza No. 3 claim, cuts diagonally
across the Endicott No. 2 claim, and enters the Endicott No. 3 claim.
It is driven in a general southwesterly direction and intersects the
vein 700 feet frorh the portal, at a point where the vein shows a
displacement of 100 feet to the south, due to a fault. The tunnel
follows the vein for. 400 feet. Numerous small faults met in the’

tunnel show displacements of the vein ranging from practically
nothing up to 10 feet and suggest step faults to take up the movement
caused by larger displacements some distance away. At a distance
of 1,100 feet from the portal a crosscut prospect tunnel has been -
started which will be driven northwestward, in the hope of cutting
other veins.

The vein that is being explored in the tunmnel crops out on the
hillside west of the mine at an elevation of 500 feet. 'At this point
the vein strikes about due east, stands vertical, and has a thickness
of about 12 feet, with an 18-inch horse of country rock in the center.
The vein material here also is practically all calcite with quartz
veinlets and chalcopyrite. A little pyrite was seen, and this has
oxidized and caused brown staining of the vein matter, particularly
along fractures caused by later movements in the vein. The foot-
wall side of the vein is slickensided and grooved, showing that con-
siderable movement has occurred. The country rock is the same as
in the mine. It is apparent that faulting is very prevalent and is
likely to present some troublesome difficulties in mining.
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No other surface outcrops of this or any other veins of mining
importance have been found. On the ridge west of the mine, at an
elevation of 2,300 feet, is a small calcite vein about 1 foot thick,
which carries some quartz, chalcedony, and a little chalcopyrite,
with secondary malachite. This vein, which strikes N. 78° E. and
stands vertical, is now in part an open fissure, owing to decomposition
and solution of the cdlcite.

Water power is utilized under & head of 300 feet to run a com-
pressor for two drills. No reduction plant has yet been used, and
therefore no ore has been milled or shipped. A 30-stamp No. 3
Austin gyratory mill, which was formerly used at the Sea Level mine,
on Thorne Arm near Ketchikan, has been purchased and will be
installed in 1920. A combination of Wilfley tables and oil flotation
will be used. During the summer of 1919 a dock was in process of
construction on the southeast side of William Henry Bay, with a
depth of 4 fathoms at its outer end at low tide. Substantial buildings
have been erected at the head of the bay, on the west side, and a
wagon road connecting the bay with the mine has been built.

At the lower end of William Henry Bay, along the northwest
shore, mineralization has occurred in the rocks at some places. The
ore minerals consist for the most part of disseminated pyrites, but at
one locality a deposit of sulphides, including arsenopyrite, chal-
copyrite, and pyrite was seen in the cherty rocks.

DOUGLAS ISLAND.

The Ready Bullion mine, the one remaining mine of the Treadwell
group that was not flooded by the cave-in of 1917, was operated
during 1919 at a rate of output of about 24,000 tons a month. About
30 men were employed at the mine, and about 25 at the mill and
cyanide plant. The mine now has levels at 2,000, 2,200, 2,400, 2,600,
and 2,800 feet, and the main shaft has been extended nearly to 2,900
feet. Most of the ore being mined at present is being taken from the
four stopes of the 2,200-foot level, but some is being drawn from the
2,400-foot level. The latest work is the cutting out of three stopes
on the 2,600-foot level, preparatory to drawing ore.

The ore is treated at the Ready Bullion 150-stamp mill and cyanide
plant. The ore, after being crushed to 40 mesh by the stamps, is
conveyed to a small ball mill which reduces the first product to 200
mesh. The oversize is separated by classifiers and returned to the
ball mill. The 200-mesh product is conveyed to the cyanide plant,
where it is cyanided, washed, filtered, dried, and retorted.

The Treadwell Co. is now operating a 2-ton electric furnace for
making steel for its own use in steel castings. Scrap iron collected
around the plant has so far been utilized as the raw product, but
considerable hematite purchased in Seattle has also been used as a
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decarbonizer. The carbon content of the steel is reduced to 0.3 to
0.5 per cent. The other necessary ingredients, including ferrosilicon,
chrome, manganese, and aluminum (used as deoxidizer), are also
purchased. Local magnetites from Haines and Port Snettisham
have been tried in place of hematite, but they require too high tem-
perature and too much coke. Both these magnetites have been
found to contain considerable TiO,, and that from Port Snettisham
carries some P,0,. A few iron and brass castings have also been

made.
ADMIRALTY ISLAND (FUNTER BAY).

GENERAL FEATURES.

Funter Bay, on Admiralty Island, is a well-known harbor on the
east side of Liynn Canal, practically at the junction of Liynn Canal,
Chatham Strait, and Icy Strait. It is a safe and convenient anchor-
age, and on account of the frequency of stormy weather on Lynn
Canal and Chatham Strait it is much visited by small boats. The
bay has a general northeasterly trend and is about 2 miles long and -
three-fourths of a mile wide at the entrance. A cannery and a post
office (Funter) have been established on a point on the north side
of the bay. Funter Bay is but 18 miles from Juneau in an air line,
but 50 miles or more by water. .

- The shore line of Funter Bay is in general a cliff that rises 20 foet
or more above sea level and is bordered by a low-terraced platform
which rises gradually to the hills behind. On the northeast side of
the bay this platform connects with low hills, but on the southeast
side the lowland area gives way to high mountains that rise abruptly
to an elevation of nearly 4,000 feet. Both lowlands and mountains
are timbered, the mountains up to an elevation of about 2,500 feet.

The lode properties lie chiefly along the southeast side of the bay,
beginning at the shore line and extending up into the high hills.
Gold-quartz veins were discovered at this locality in 1887, and a num-
ber of properties have been held since that time. Many quartz veins
have been discovered and a good deal of prospecting has been done,
but as yet there has been littlé mining. At the present time develop-
ment work is being done on the claims of the Admiralty-Alaska Gold
Mining Co. and prospecting is being continued on the Nowell-Otter-
son group of claims. The former embrace two groups of claims, a
lower and an upper group, about midway of the bay on the southeast
side; the latter adjoin these claims on the southwest. A good-sized
stream, Mountain Creek, lies between the two properties. The gen-
eral position of these two groups of claims is shown on the accom-
panying map (Pl IV). ,

The claims, particularly those of the Admiralty-Alaska Gold Min-
ing Co., have been examined a number of times by different members

7230°—21—DBull, 714—38
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of the Geological Survey, and two reports * have been prepared and
published. No extensive study of the regional géology has so far
been attempted, but the different quartz veins have been fairly well
described. The present notes are only supplementary to the earlier
reports.

The general geology has been briefly described by Eakin * as fol-
lows: :

The rocks of the Funter Bay district include a highly altered bedded series, domi-
nantly greenstone schist and subordinately limestone or marble, and a few small dikes
of diabase, andesite, and diorite, which cut the bedded rocks at wide intervals. The

. schistose cleavage of the metamorphic rocks is generally parallel with the bedding
planes. Locally intense crumpling and close folding on ‘a small scale are apparent,
but in general the bedded rocks lie in broad and gentle folds. Over considerable
areas both schistosity and bedding are near the horizontal. Joint systems on both
large and small scales cut the bedded rocks at high angles with the schistosity and
bedding or near the vertical. The major joint planes in places persist for hundreds
and even for a thousand feet or more with great regularity in strike and dip. Such
large fractures were probably accompanied by some differential movement between
the blocks which they separate, but there is no definite indication of the maximum
displacement. These planes are generally marked by quartz veins, which range in
thickness, in the different individuals observed, from mere films to nearly 60 feet.
At one locality four approximately parallel veins were measured in a section 330 feet
across, whose thickness aggregated 90 feet. Obviously the introduction of this amount
of quartz in a narrow section involved displacement of masses of the rock. T-shaped
and L-shaped bends in some of the veins indicate differential movements amounting
at least to the thickness of the veins. Other veins, which gradually thin out to their
ends, do not'have this significance. Faults later than the veins and offsetting them
occur only here and there, according to present evidence.

The metamorphism of the bedded rocks is for the most part of regional character and
of earlier age than the igneous dikes or the quartz veins, which are unsheared. Later
metamorphic agencies have affected the bedded rocks locally, adjacent to the quartz
veins, resulting in silicification and bleaching of the greenstone schists, accompanied
by the introduction of sulphide minerals and in places of gold. Such minerals also
occur in bands of greenstone schist without associated quartz veins at two localities,
but they are not believed to represent a distinct period of mineralization.

The schists of the Funter Bay area, grouped by Eakin under the
general designation of greenstone schist, consist of a variety of rock
types, including chlorite schist, mica schist, quartz-chlorite schist,
quartz-chlorite-mica schist, zoisite-chlorite schist, albite-zoisite schist,
albite-chlorite schist, and albite-mica schist, as well as nonschistose
blocky rocks of thesame general character, usually carrying little mica.
Among the metamorphic rocks are also to be found gneissoid rocks,
including albite granite gneiss and albite syenite gneiss. Normal
dioritic or andesitic rocks were not observed by the writer, but a
variety of other dike rocks containing plagioclase high in soda were
recognized. These are chiefly albite granite, albite syenite (or albite
diorite), and albite trachyte. One dike of olivine diabase was noted.

8 Wright, C. W., A reconnaissance of Admiralty Island: U.S. Geol. Survey Bull. 287, pp. 147-150, 1906.
Eakin, H. M., Lode mining in the Juneau gold belt: U. 8. Geol. Survey Bull. 662, pp. 84-92, 1918.
¢ Eakin, H. M., op. cit., pp. 84-85.
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The above is by no means an exhaustive list of the different varie-
ties of rocks found at Funter Bay but is given chiefly to illustrate a
feature of these rocks that has been generally overlooked, namely,
their sodic character. All the acidic and intermediate types of intru-
sive rocks examined by the writer contain albite or oligoclase-albite
plagioclase feldspar, and albite is also of common occurrence among
the schists and gneisses. This feature is of more than passing interest
when considered in relation to the sodic character of the intrusive
rock at the Treadwell mines, on Douglas Island, about 15 miles to
the east. It is not unlikely that mineralization at these two locali-
ties took place at the same general period and had a similar origin.

CLAIMS OF ADMIRALTY-ALASKA GOLD MINING CO.’

The Admiralty-Alaska Gold Mining Co. holds 52 claims, of which
the principal ones are shown on the accompanying sketch map (Pl
IV). These claims lie in two groups, a lower group on the low terrace
leading back from the beach, and an upper group on the mountain

“slope to the southeast. In the lower group the principal lodes are
the Tellurium, King Bee, Uncle Sam, and Lone Star; a number of
smaller veins also occur. The upper group includes a large number
of veins, among the most valuable of which are the Blanket lode, the
veins on the several Heckler claims, including the Big lode and the
Washington lode, the Devil Club lode, and the Patterson lode. Both

- the lower and the upper veins have been described adequately by

Eakin, and no new work has been done on their surface outcrops in

the meanwhile. . '

A tunnel is now being driven from the end of the tram line to pros-
pect the quartz veins of the upper group. This tunnel starts about
a mile from the beach, at an elevation of about 250 feet, and is being
driven S. 65° E. with the intention of crosscutting at depth the veins
on the Lowhee No. 2, Mountain Kink, Pungle Up, Washington, and
Heckler claims. Work was begun on this tunnel in the fall of 1918,
and by midsummer of 1919 it had been driven about 800 feet. One
drill is being used.

A compressor plant, with a capacity of 12 drills, has recently been
installed. Water power under a head of 500 feet, delivered to the
compressor in a 6-inch stream, is utilized. A sawmill has also been
built. From 5 to 15 men were employed during the summer of 1919.

The tunnel is driven in a greenstone schist, which differs in char-
acter in different parts of the tunnel. At the face in 1919, about
800 feet from the portal, it consists of a recrystallized rock, some-
what schistose in appearance, composed essentially of a mixture of
zoisite and chloritic material, chiefly. pennine, together with con-
siderable quartz and some pistacite and titanite, and would be des-
ignated a zoisite-chlorite schist. The dip of the schist in the tunnel
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is in general away from the beach. About 400 feet from the portal
a small ore body consisting of a sheared mixture of quartz and schist,
with about 8 inches of milky quartz on the hanging wall, was inter-

“sected. This vein and its accompanying zone of shearing is parallel
with the cleavage of the schist. The sulphide minerals include
pyrite, pyrrhotite, and a little chalcopyrite. The hanging wall was
found to be a fine-grained igneous rock, with a pronounced flow
structure, composed essentially of unaltered oligoclase-albite in tiny
laths, forming a felty trachytic groundmass, and an interstitial
filling of chloritic material, derived probably in part from rock glass.
Some larger laths or phenocrysts of oligoclase-albite are partly
altered to epidote and calcite. Secondary quartz, epidote, and cal-
cite are present. This hanging-wall rock is a sodic trachyte.

No other quartz veins of any importance have so far been crosscut,
but it is planned to continue the tunnel until the Heckler Blanket
lode, the Big lode, and other veins that crop out on the Heckler
group of claims are intersected. No accurate base map of the prop-
erty has been made, but it is estimated roughly by the writer that
a 2,000-foot tunnel will be required to reach the Heckler Blanket
vein, if the strike and dip shown at the outcrop continue below the
surface to the level of the tunnel. The strike and dip of the Big
lode are not sufficiently well known, owing to the lack of stripping
at the outcrop, to justify a guess as to how far the tunnel will have
to go to cut this large body of quartz. The vein crops out farther
southeast than the Heckler Blanket vein, but the dip may be lower,
thus partly or wholly compensating for the greater surface distance.

NOWELL-OTTERSON CLAIMS.

The Nowell-Otterson group of claims lies southeast of the prop-
erty of the Admiralty-Alaska Gold Mining Co. and includes 19 claims
stretching from Funter Bay to the top of the mountain to the south-
east. The general position of these claims is indicated on the accom-
panying sketch map (Pl. IV). A good trail has been built from the
bay to the top of the mountain, making these claims easy of access.

On the Winona claim, at an elevation of 675 feet, a tunnel 64 feet
long has been driven on two quartz seams, which strike about N.
55° K., conformably with the country rock, and dip southeast. The
upper of these seams is fairly persistent and ranges from 6 to 24
inches in thickness; the lower seam is lenticular and discontinuous.
The footwall is graphitic chlorite schist, and the hanging wall a
quartz-mica schist. The quartz is iron stained and carries stringers
of country rock. Some pyrite and pyrrhotite were seen in the quartz.

On the Chatham claim, at an elevation of 1,050 feet, a tunnel has
been driven 200 feet and crosscuts four thin quartz seams, from 2 to
4 inches wido, which strike N. 45° E. and dip 45° NW., thus cutting
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almost directly across the structure of the country rock, a quartz-
mica schist. The quartz carries pyrite, pyrrhotite, and gold.

To the east of the tunnel, on a small creek, several small quartz
veins of similar character are exposed. A small shipment of ore
(about 5 tons) from one of these veins, which ranges in thickness
from 8 inches to 2 feet, was valued at $120 a ton, and a second sample
at a later date ran $80 to the ton. Atleast 10 such small veins, most
of them measurable in inches, are exposed in the creek. The quartz
carries pyrite, pyrrhotite, and in places a little galena, in addition to
the gold. '

The vein of most interest on the Nowell-Otterson group is the Big
Thing lode, which crops out on the line between the Francis and O. K.
claims at an elevation of 3,100 feet and has been traced 800 feet to
the north and over 1,500 feet to the south. The vein, which strikes

'about N. 20° W. and dips steeply to the east, lies parallel with the
schistosity of the country rock. The hanging wall is a chlorite schist
composed of chloritic material, quartz, calcite, and epidote. The
footwall is a graphitic schist. On the line between the O. K. and
Francis claims about 20 feet of quartz is exposed, with a horse of
schist in the center of the vein. The quartz is heavily iron stained
and is mineralized by iron sulphides (pyrite and pyrrhotite), galena,
and hematite. It is characteristic of these sulphides to be concen-
trated in pockety masses in the quartz. The owners aver that the
average of assays so far made is about $5 to the ton in gold.

On the Two Shaft claim, about 1,800 feet north of the outcrop
just described, at an elevation of about 3,050 feet, a vein of quartz
from 15 to 25 feet thick crops out and is believed to be the continua-
tion of the Big Thing lode. The country rock here is a quartz-mica
schist, and the vein strikes about N. 15° W. and dips steeply to the
east, as at the other locality. The quartz is of the same general
character as the quartz above described, but more galena is present, .
and some chalcopyrite was also seen. A good deal of free gold may
be seen with the naked eye, and it is apparent that some of this mate-
rial is high-grade ore.

Another vein, distinet from the Big Thing lode; also crops out on
the Two Shaft clalm some distance west of the one just described,
at an elevation of about 2,750 feet. This is a smaller vein of quartz,
about 30 inches thick, striking N. 20° W. and dipping steeply to the
east, which lies comfortably with the schist and is heavily impreg-
nated with sulphides. The quartz where unaffected by the mineral-
izing solutions is white and milky, but elsewhere it is heavily iron
stained. Pyrite, galena, chalcopyrite, and specular hematite are
found with the quartz. Green malachite staining and to a lesser
extent blue azurite discoloration are apparent. An irregular body of
calcite cuts transversely through the vein and appears to represent
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a later phase in the sequence of mineral deposition. This vein
carries very little gold but is reported by the owners to give high
assay results in silver and lead.

A number of other quartz veins crop out on this mountain in the
vicinity of the O. K., Two Shaft, and Summit claims, but little
prospecting has been done on them, and therefore little is known of
their character and extent. ’

KETCHIKAN DISTRICT.
PRINCE OF WALES ISLAND.

SHAKAN MOLYBDENITE LODE.

A molybdenite lode was opened in 1917 by the Alaska Treadwell
Mining Co., and development work has continued to the present time,
although no ore has yet been shipped. This lode is about three-
fourths of a mile south of Shakan, at an elevation of 600 feet, at the
north end of Prince of Wales Island, on the east side of a small
stream that enters Shakan Bay.

The country rock consists of tuffaceous sediments intruded by
diorite. The lode is in diorite, which varies somewhat in character
and composition but in general is composed of zonally grown plagio-
clase feldspar, ranging from albite on the rims to bytownite in the
centers of the crystals, and with an average composition perhaps of
andesine; a small amount of orthoclase; considerable hornblende;
and biotite, augite, iron oxides, and apatite. Being composed
essentially of plagioclase feldspar and hornblende, this rock is classed
as a hornblende diorite. Pegmatite is present in dikes and veins
cutting the diorite and is in fact related genetically to the molyb-
denite in the lode. The pegmatite is composed essentially of
orthoclase feldspar and quartz, with accessory sphene and small
amounts of secondary sericite, chlorite, and epidote.

The vein at its’ maximum is 6 feet thick, with a strong, clean-
breaking hanging wall and an indistinct footwall. It varies consider-
ably in strike and dip, as is shown by the crookedness of the main
tunnel which follows the vein. The average strike is about N. 70°
W. and the dip ranges from 10° to 25° S. Considerable faulting is
apparent, particularly along the hanging wall, where in places the
vein matter for 6 inches or more has been reduced to a fault gouge.
Some of the best of the ore has been taken from this zone along the
hanging wall. The gangue of the vein is partly quartz and partly
pegmatitic material, and these two appear to grade into one another,
indicating that at least a part of the quartz is of primary origin.
The sulphide minerals in the gangue include molybdenlte, pyrite,
- pyrrhotite, and chalcopyrite. The molybdenite is in some places
scattered through the quartz and pegmatite and in others more or
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less concentrated, particularly in the gouge zone. Pyrite and
chalcopyrite are distributed throughout the gangue, but pyrrhotite
is most often found in pockets or kidneys. The paragenesis of the
sulphide minerals has not been deciphered.

A tunnel, now driven 360 feet, is the main underground develop-
‘ment work. At.250 and 300 feet from the portal cross faults were
met, the first striking N. 10° E. and the second N. 10° W., with
offsets at both places. The molybdenite content of the vein becomes
very low beyond the 300-foot point in the tunnel, and at this point
the direction of the tunnel was changed to one somewhat south of
the strike on the working hypothesis that the true vein at the 300-
foot point has been replaced through faulting by a barren quartz
vein. It is equally possible, however, that a molybdenite ore shoot
in the vein has been terminated by the fault, and that the vein
exposed beyond the fault is a barren zone of the same vein. In this
event, further drifting on the vein or sinking an inclined shaft down
the dip will afford the greater chance of discovering ore.

A tramway has been constructed from the portal of the tunnel
across the small stream above mentioned and down the opposite
- side of the valley to tidewater. A small dock has also been built.
All the mining has so far been done by hand, but in September, 1919,
a compressor plant was at the dock awaiting installation. Six men,
working in two shifts, were at work at the time of the writer’s visit.

- RUSH & BROWN MINE.

The Rush & Brown mine, about half a mile west of Lake Ellen,
at the head of Kasaan Bay, was the only copper mine in southeastern
Alaska that was operated in 1919. The property includes two ore
bodies that have been developed to a productive basis and a number
of others that have not been explored. The larger of the two pro-
ductive ore bodies is a contact-metamorphic deposit of copper-
bearing magnetite, and the smaller a fault-zone deposit, with chal-
copyrite as the chief sulphide. Theformer is of too low a grade to be
worked at the present price of copper; but the latter carries a higher
grade of copper ore and also considerable gold and silver, and in
recent years mining has been confined to this deposit. Eight men
were employed in the mine in 1919, and several others at the surface.

The contact-metamorphic deposit lies in contact rock between
diorite and graywacke, trends about due east, and stands practically
vertical, plunging perhaps at a high angle to the north. The ore
has been exposed in a glory hole and numerous drifts from it to a
depth of 140 feet, for a distance of about 200 feet, and shows a width
ranging from 50 feet at the west end to 125 feet at the east end. The
deposit, however, is irregular in outline and variable in ore content,
owing to the inclusions of numerous horses of country rock. Both
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the ore and the country rock are much faulted, but in general the
throw of the faults seems to be small. A series of lamprophyric dikes,
chiefly sodic vogesites, cut directly across the magnetite and country
rock, striking in general about north; These dikes appear to repre-
sent the latest phase of the igneous activity. The chief sulphides
contained in the magnetite are chalcopyrite and pyrite, but they
are so scattered that it is difficult to find copper ore of a commercial
grade. The whole deposit of cupriferous magnetite, if mined com-
pletely, should yield not less than 0.5 per cent and possibly 1 per
cent of copper. Such ore should sometime become of value, if
worked for both its copper and its iron content.

About 160 feet north of the contact ore at the surface hes the
shear-zone deposit, observations upon which show that the vein is
irregular in attitude, ranging in strike from N. 65° E. to east and
in dip from 45° to 60° S. If the strike is taken at N. 80° E. and the
dip at 60° S., it appears that the shear zone should intersect the
contact deposit at a vertical depth of about 280 feet from the
surface, or about 325 feet measured down the slope. The inclined
shaft down the vein on the shear zone has now been sunk 430 feet
but without yet encountering the contact deposit. This may be
due to faulting.

The deposit now being worked is a body of sheared graywacke
and tuff, ranging in thickness from a few inches to 8 feet, lying
between well-defined foot and hanging walls. The sulphide ore,
chiefly chalcopyrite with some pyrite and pyrrhotite, occurs in lenses
and reticulating veins and veinlets within the sheared material,
‘more commonly nearer to the hanging wall than to the footwall.
Some solid veins of chalcopyrite have been. found, of which the
largest so far mined has not exceeded 4 feet in thickness. The
gangue material consists of crushed country rock, rather than gangue
minerals such as ‘quartz or calcite. The two walls evidently repre-
sent the outer limits of movement, for they are slickensided, and the
sheared and crushed vein material ends abruptly against them.
Moreover, the ground outside the vein is firm, as indicated by the
fact that no timbering is required in the drifts. As would be ex-
pected, ore is found in soft ground, where shearing and granulation
have reached a maximum. There appears to have been little if any
movement along the vein subsequent to ore deposition, but cross
faulting is not uncommon. On the 200-foot level a well-marked
fault, known as Murphy’s slip, intersects the vein, offsetting it 25
feet on this level. This fault strikes approximately north and dips
50°-80° E., and has been traced 400 feet by tunnel. Faults similar
in strike and dip may be seen on other levels, particularly west of the
shaft, and appear to constitute a system of parallel faults formed
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subsequent to ore deposition. It seems likely that the dikes of
vogesite previously mentioned were intruded along such fracture
planes. '

At several localities in the mine small deposits of cupriferous
magnetite lead off from the vein, existing apparently as isolated
outliers of the contact deposit near by and relating the two types of
deposits genetically to the same agency—the intrusive diorite.
Small ore shoots of commercial copper ore were found in some of these
deposits and mined. '

The mine is developed by levels at depths of 100, 200, 250, 300,
350, and 400 feet.- A Vertical shaft connects the 200-foot level with
the surface, and a hoist operates a lift which handles either men or
an ore car. The lower levels are reached by ladder down an inclined
shaft that follows the vein; and ore from the lower levels is raised up
this shaft on a skip. A moderate flow of water, about 50 gallons a
minute, is raised by a pump from the lower levels to the 200-foot
level, whence it goes into a sump and is picked up by another pump
and hoisted to the surface.

All mining and development work so far has been done by hand
mining, but a new Ingersoll-Rand compressor, with a capacity of
four drills, has been partly installed and should soon be ready for use.
A small boiler of about 50 horsepower, operated on wood, now sup-
plies all the power that is needed; but a larger boiler is being installed
to run the compressor. The output of the mine should be materially
increased by the use of power drills. The ore is transported by a
small locomotive and cars over a narrow-gage railroad to tidewater,
a distance of about 2 miles.

SALT CHUCK MINE. N

The Salt Chuck mine, formerly known as the Goodro mine, is about
half a mile northeast of Lake Ellen and at an equal distance from the
head of the Salt Chuck, at the head of Kasaan Bay. Mining was
begun originally on what was considered to be a low-grade copper .
deposit, but subsequently it was discovered that the ore was of more
value for its content of platinum metals than for its copper, so that
now this mine is more properly described as a palladium-copper mine.
It has been operated continuously since 1917, and in 1919 it employed
about 16 men.

The lode crops out at an elevation of. 400 feet, upon a little knoll
rising from one of the rounded ridges characteristic of this glaciated
area. A few other surface outcrops have been found near by, but
the general surficial configuration of the mineralized zone has not been
determined, owing in part to the timber and dense vegetation of the
surrounding area, but particularly to the irregular distribution of the
mineralization, which gives no clue as a guide in prospecting. The
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ore zone, however, or the zone within which the discovery of ore
shoots may be expected, is believed to be at least 250 feet wide and
is thought to extend in a direction about N. 75° W.

This deposit, unlike most of the other commercial ore deposits of
Kasaan Peninsula, occurs in an area of coarse-grained intrusive rock,
which has been mapped by Wright ® under the general designation
granitic intrusives. Such intrusive rocks invade the Paleozoic
sedimentary rocks of Kasaan Peninsula at many localities, occurring
as small and large bodies of varying petrographic character. The
normal type of these rocks is a diorite, low in quartz and orthoclase,
but numerous other facies have been evolved by magnetic differenti-
ation. In the acidic differentiates low potassium and high soda
content expresses itself through the formation of sodic granite and
syenite, the chief feldspar of which is albite, in place of orthoclase, the
normal type in such rocks. Much diversification is apparent among
the basic types of differentiated rocks, although few of these have
been described in any detail. This differentiation is well illustrated
at the Salt Chuck mine, where the country rock is in general a pyrox-
enite, with gabbroic and gabbro-pegmatitic phases. Wright referred
to the country rock at the Salt Chuck mine as a gabbro, but in his
petrographic description he showed clearly that the plagioclase feld-
spar constitutes only from 5 to 10 per cent of the rock. It seems
better, therefore, to designate the intrusive rock at the mine pyroxe-
nite, remembering, however, the gradual transition to the true
gabbroic intrusives in this vicinity. The chief rock-forming mineral
is augite, and the subordinate constituents are biotite, iron oxides,
plagioclase, apatite, and titanite, though not all of these are invariably

_present in any one specimen. Biotite in particular is variable in
distribution, and much of it occurs as large splendent crystals. The
pyroxene and plagioclase are in places much altered, the alternation
resulting in the development of rocks rich in epidote and in chloritic
and sericitic material. ,

The ore minerals consist of copper sulphides, distributed in grains
and small patches as ore shoots in the pyroxenite. - Bornite is the
chief copper mineral, but a small proportion of chalcopyrite also
occurs locally. Chalcocite and covellite are both present, as alteration
products of the bornite and also of the chalcopyrite. Finely dis-
seminated chalcocite and native copper have been reported by Knopf®
as occurring in some drifts about halfway between the upper and
lower tunnels, leading from a connecting winze. Practically no
gangue minerals are found with the ore. In addition to copper,
gold, silver, palladium, and platinum are recovered. -

s Wright, C. W., Geology and ore deposits of Copper Mountain and Xasaan Peninsula,Alaska: U.S. Geol.
Survey Prof. Paper 87, p. 73, 1915, ‘
6 Knopf, Adolph, Mining in southeastern Alaska, 1910: U. S. Geol. Survey Bull. 480, p. 101, 1911.
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The metallic content of the Salt Chuck ores was shown in a table
of analyses by Campbell,” and this table, with the addition of three
determinations of concentrates, is given below.

Metallle content of Salt Chuck ores. -

[Copper in per cent; other metals in ounces to the ton.)

- Plati- Palla-
Copper. | Gold, Silver, num. dinm,
GIOTYROO. ..o ‘Leg | 007 | o017 0.41
150-f00t eVl .. ...ooiouoniiiniaiiiiii e 1.08 .07 .24 .18
Bottom of Winze. . ....cocoiiiiiiiiiiiiiiiiiiiiia 1.28 .05 .24 .17
Average of 0re aNalyses......co.eseeenneencnnns 1.427 .063 217 .253
GBDDIO. ¢t eneet e aaaa s .08 .01 .10 .01
Chalcopyrite 27.66 1 2.08 1.01
Concentrates 43. 81 1.17 4.60 3. 54
Concentrates (Eng. and Min. Jour., Sept. 27, 1919) 36. 96 1.27 6.10 0.10 2.93
CONCENEIALES. ... veeueeenncerneerenneneneanneeemnne|eoncsonnae|onaeeenncs|oanecennas .04 2.56
CONCeNtrates. ... ..ooereeenierennaaearanaaeerananas 39.41 1.20 5.18 .04 3.38
Average of concentrates.........c.ooeeeieiians 40.06 1.213 5.293 3.147

From these data it is possible to estimate the percentage recovery
of the precious metals in the concentrates. If .the concentrates
average 40.06 per cent of copper each ton of concentrate will contain
801.2 pounds of copper. Then, as the average copper content of the
ore is 1.427 per cent, each ton of ore contains 28.54 pounds of copper;
and the number of tons of ore used to produce 1 ton of concentrates,
on the assumption of a copper recovery of 100 per cent, would be
801.2+28.54 =28.07 tons. The recovery of gold, silver, and platinum
metals in ounces per ton is obtained by dividing their respective fig-
ures in the ‘‘average of concentrates’” by 28.07; and the ratio of the
" resulting quantities to the corresponding quantities given in the
“average of ore analyses” yields the percentage of recovery for the
precious metals in terms of the assumed 100 per cent recovery of
copper—that is, gold 68 per cent, silver 87 per cent, and platinum
metals 44 per cent. The exact percentages of precious metals re-
covered are obtained by multiplying these computed percentages by
the true recovery of copper.

On reducing the copper percentage to troy ounces per ton and
comparing the result with the figures for the precious metals, it ap-
pears that the ratio of the copper to the gold, silver, and platinum
metals is 6,607,1,918,and 1,645 to 1 respectively,and that the ratio of
the gold to the silver and platinum metals is roughly 1 to 3 and 4
respectively. Of course, an average of three assays affords no basis
for any exact deductions, but nevertheless these figures are useful
in giving a general idea of the occurrence of these metals.

7 Campbell, D, G., Palladium i Alaska lode deposits: Min. and Sci. Press, vol. 119, pp. 520-522, 1919,
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A little free gold may be seen in some of the ore, but the disparity
between the recovery of gold and the recovery of platinum metals
leads to the belief that a considerable part of the gold is ¢hemically
combined or mechanically held with sulphides. The high content
- of silver relative. to gold indicates an additional source of silver
besides that alloyed with gold, and the high silver recovery indicates
that the silver is present as soms silver or copper-silver mineral,
probably a sulphide or sulphosalt, which is highly adapted to the
flotation process. Possibly it occurs in both these forms. The
high content but low recovery of platinum metals, when considered
in the light of the known relationship between copper and platinum
metals in these ores, indicates that the larger part of the platinum
metals are held mechanically by the copper minerals and are liberated
in the ball mill. The ratio of palladium to platinum appears to vary
considerably but is believed to average about 50 to 1. :

The analysis of the chalcopyrite is also of some interest. Gold,
silver, and platinum metals are found in the chalcopyrite, and al-
though this fact does not permit any inferences as to the state of
existence of the precious metals, it serves partly to corroborate the
nfluences above drawn. The ratio of gold to silver to platinum
metals in the chalcopyrite is about 1 to 19 to 9, whereas in the average
of ore analyses it is 1 to 3 to 4. The higher ratio of silver to gold in
the chalcopyrite analysis is probably due in part to the lower con-
tent of gold in the chalcopyrite than in average ores, owing to the
presence of a certain percentage of free gold in the country rock;
but probably it is due more largely to the higher content of silver in
the chalcopyrite, as a result of the presence of intergrown silver or
copper-silver sulphides. The higher ratio of platinum metals to
gold in the chalcopyrite analysis is interpreted as evidence that
more of the platinum metals are associated with the copper minerals
than occur free in the country rock, thus corroborating the relation-
ship that appears to exist between the copper and platinum metals
in the mine. The analyses above given show from 0.13 to 0.21
ounce of platinum metals to the ton for each 1 per cent of copper;
the lower figure is more probably representative of the average.

The mode of formation of this deposit and the distribution of the
ore present some puzzling features. The country rock, though
mainly pyroxenite, shows gabbroic and gabbro-pegmatitic phases,
and at the west end of the glory hole a basic dike 4 feet thick cuts the
pyroxenite. Considerable epidote also occurs, in part replacing the
minerals of the country rock and in part as traversing veinlets. The
ore is evidently later than the dike, for a bornite-chalcopyrite ore
shoot cuts directly across the dike. The country rock is much frac-
tured, but there is no particular system to the fractures, and no
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large displacements. The general trend of the zone of the fractured
and faulted rock, however, is believed to be about N. 75° W.

At first sight the bornite and chalcopyrite may be regarded as ores
segregated from the gabbro mass. The copper minerals do not ap-
pear to follow the larger fracture planes to the extent that might be
expected in an ore deposited from circulating waters. The ore occurs
in shoots, which appear more or less independent of the rock frac-
tures, and the bornite is found as disseminated particles within these
shoots, some of it in massive country rock at some distance from any
apparent openings. Also, free gold was observed which had been
drawn out and elongated by faulting subsequent to its deposition,
showing that at least some of the fracturing movements occurred
after the deposition of the ore. On the other hand, some of the copper
ore, particularly the chalcopyrite, lies along the fractures in such a
manner as to show clearly that it entered the rocks and was deposited
subsequent to the fracturing. Moreover, where the bornite occurs
in massive, unfractured pyroxenite, the rock-forming minerals of the
pyroxenite are noticeably altered, chiefly to epidote, with less chlo-
ritic material; and the degree of this alteration appears to be a func-
tion of the amount of ore present. Finally, the texture of the ore as
seen under the microscope belies the appearance of primary character
which is seen in hand specimens. The country rock contains many
minute cracks, adequate for circulating ore solutions, and the ore '

“itself shows that it has entered the rock in this manner and replaced
the rock minerals. Hence, though all the details of the ore deposition
can not be explained, it seems certain that this is at least an epigenetic
deposit—that is, it was formed later than the containing country
rock.

The presence of chalcocite, covellite, and native copper point
unmistakably to enrichment, due to the action of meteoric waters
working downward from the surface. The chalcocite and native
copper observed by Knopf ® were at a depth of about 200 feet below
the surface and shows that enrichment has occurred at least to this
depth. This is rather remarkable for southeastern Alaska, for it has
generally been believed that in that region the recent glaciation had
removed the zone of oxidation and practically all of the secondary
sulphide zone. It would be of interest to know whether this super-
gene enrichment is a remnant representing a preglacial secondary
sulphide zone, or whether it has occurred in postglacial time. In
either case the theoretical conclusion is that the.ore will be found to
become leaner with depth, but it is doubtful if this feature will prove
of much economic importance, as the percentage of secondary sul-
phides appears to be relatively small.

8 Knopf, Adolph, Mining in southeastern Alaska, 1910: U, 8. Geol. Survey Bull, 480, p. 101, 1911,
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The Salt Chuck ore deposit has been developed at the surface by a
small glory hole and an open cut almost adjoining it on the east, and
underground by a tunnel 300 feet long which at'its face opens upward
through a stope into the glory hole. Near the face of this tunnel a
winze has been sunk 200 feet, connecting with a new lower tunnel,
and the winze has been continued upward as a raise for 90 feet. A
tram 2,200 feet long has heretofore been used to transport ore from
the mine to the mill. The new lower tunnel, 1,225 feet long, has now
been completed and will be used as the main oreway.

Ore is now being taken from the stope that connects the upper
tunnel with the glory hole. One of the difficulties of mining opera-
tions at this property is the irregular distribution of ore stopes.
There are practically no data on which to base prospecting, for there
is no vein or well-defined shear zone, and the stepes occur seemingly
at random. ‘There is a limit to the mineralized zone, which probably
coincides with the limit of the faulted and fractured area of peridotite,
but this is neither sufficiently definite nor sufficiently circumscribed
to be of value in laying out the mine. That such a limit exists is
shown in the new lower tunnel, which is 1,225 feet long and in which
no ore was seen until the tunnel had been driven 990 feet. The
horizontal sequence in this tunnel from the portal inward is as follows:

Sequence in lower tunnel of Salt Chuck mine.

Feet.
Barren country rock.... ... i 990
Zone of disseminated bornite.......c.c.cooiii i iiiiiiii i 15
Barren country rock.. ... ...l 15
Zone of disseminated bornite.........ccoooiiiiii it 30
Barren country rock..... ... 170

Zone of disseminated ore, chiefly chalcopyrite, subordinately bornite 5

It is not known in what manner the ore zones shown are cut by the
tunnel, and the thicknesses given, therefore, may or may not repre-
sent true cross sections of the shoots.

The ore is reduced in a concentration and flotation plant on the
property. Power for the mill and mine is generated partly by water
and partly by means of a 75-horsepower Fairbanks-Morse semi-
Diesel engine. Water is taken from a 31-acre lake and delivered to
the wheels in a 10-inch stream, under a head of 179 feet; and when
the supply is adequate, 220 horsepower is generated by this means.
The supply of water, however, is usually inadequate, and the engine
has to be run much of the time. This constitutes one serious handi-
cap to economical mining.

Ore is delivered at the mill into a 175-ton storage bin, from which it
. goes through two sets of jaw crushers and is reduced to about 2-inch
size. This material is then dumped into & 75-ton bin, whence it is
fed automatically to a Worthington ball mill, with a rated capacity
of 60 tons in 24 hours. Final grinding is at present accomplished by
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this operation, but the ball mill is overtaxed, and it is planned to in-
troduce rolls between the crushers and the ball mill, reducing the
product to 1%-inch size before delivery to the mill. This will be a
great improvement. The pulp from the ball mill goes to a classifier,
from which the oversize is conveyed back by a scraper belt to a
trommel, while the fines flow off and are raised by a bucket elevator
belt to the flotation cells. The oversize from the trommel goes back
to the ball mill, and the undersize to a Biester-Overstrong concentrat-
ing table. The flotation plant consists of five cells, in which are used
mixtures of oil of pine, pine tar, creosote, and coal tar. About 90
per cent of the ore is caught in the first two cells. From these the
concentrate goes to Callow cones, where it is largely dewatered. Final
drying is accomplished in filter presses, where the moisture is drawn
off by compressed-air suction. A shipping product containing only
10 per cent of moisture is said to be produced.

DUNTON MINE.

The Dunton mine, the property of the Dunton Gold Mining Co.,
is on Harris Creek about 2 miles from the post office of Hollis, at the
upper limit of high tide. Harris Creek is navigable for small boats
at high tide up to the mine. This property lies at the south end of a
zone of mineralization, which extends somewhat east of north for
4 or 5 miles, reaching some distance north of May-be-so Creek. The
Dunton property includes two claims along this mineralized zone.

The country rock in this vicinity, according to Chapin,” consists
of “a complex assemblage of igneous and sedimentary rocks. The
bedded rocks include tuff, breccia, schist, limestone, black slate,
argillite, and graywacke and are cut by a large boss of quartz diorite
and associated porphyritic dikes.” The country rock at the mine
is a graphitic¢ slate, which ranges in strike from east to N. 30° W.,
averaging perhaps N. 30° E., and dips 12°-35° SE. The slate is
much faulted and slickensided, but the displacements are for the
most part parallel with the rock structure. The highly graphitic
character of the slate is particularly evident along the slickensided
surfaces. Fine-grained dike rocks, in places porphyritic, also intrude
the country rock more commonly parallel with the structure of the
slate than otherwise.

The mineralized zone on which the Dunton mine is located extends
about 2 miles to the northeast and then changes in trend or joins
another zone which extends northward to May-beso Creek. The
northeastward-trending zone ends at. the Hollis group of claims,
and the northward-trending zone, which begins at that point, includes
the Crackerjack and Ready Bullion lodes, to the north, although these

® Chapin, Theodore, Mining developments in the Ketchikan district, 1917: U, 8. Geol. Survey Bull. 692,
p. 87,1019, '
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two lodes appear to be separate veins. According to Chapin® three
veins, known as the lower, middle, and upper veins, are recognized at
the surface in this mineralized zone. ‘‘These are approxmately
parallel and form a lode system following intrusive porphyry dikes.”
The vein that is mined at the Dunton mine is the upper vein. A
. 10-inch quartz seam lies 15 feet below this, and a barren quartz vein
lies 150 feet lower.

The Dunton lode consists of a number of quartz stringers which
form a mineralized zone in and conformable with the slate. The
thickness averages about 7 feet, though increasing locally to 12 feet.
The individual quartz stringers range in thickness from a few inches
up to 1 or 2 feet. Much faulting has taken place parallel with the
vein, crushing and slickensiding the ore and country rock but causing
no apparent displacement. Dikes run parallel with the vein, more
commonly on the hanging than on the footwall side, but here and
there cutting across the lode. Many of these dikes are mineralized
with pyrite, but they do not constitute minable ore. They have
been greatly altered to secondary products, and the original petro-
graphic character could not be inferred. The vein pitches on the
average about 28° SE.

The quartz is mineralized by auriferous pyrite, gold, and a little
galena. Good ore occurs in shoots, which appear to be localized in
parts of the vein where the dip is lowest. The ore is best where
pyrite is most abundant. Locally the slaty country rock carries
some gold, particularly where it is pyritized. About 75 per cent of
the gold is free, and the concentrates consist almost wholly of pyrite.
Taken as a whole, the quartz and mineralized country rock, which
together form the ore, would be classed as a low-g‘rade gold ore, but
only ore from the richer shoots is mined. This gives a hlgher-grade
ore but limits the available tonnage.

The mine is developed by an adit 364 feet long, which follows
down the dip of the vein. Four drifts—a short one at 70 feet,
another at 100 feet, a third at 180 feet, and the fourth at 250 feet—
constitute the chief development work. The ore is reduced by a
5-stamp Chalmers & Williams mill, with plates and concentrating
table, operated by three vertical turbines generating together 90
horsepower. The mill has a capacity of 12 tons a day. Water is
brought from Harris Creek through a 250-foot flume and delivered
with a head of 13 feet.

10 Chapin, Theodore, op. cit., p. 88.
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NOTES ON THE SALMON-UNUK RIVER REGION.

Compiled by J. B. MERTIE, Jr.

INTRODUCTION.

The Salmon-Unuk River region, in southeastern Alaska, is a trapezi-
form area of about 1,800 square miles, lying between parallels 55° 50’
and 56° 30" north latltude and meridians 129° 50’ and 131° 10’ west
longitude. The international boundary between Alaska and British
Columbia, extending in a general northwesterly direction along the
crest of the Coast Range, delimits the area on the northeast. This
district is adjacent to tidewater, reaching Behm Canal on the south-
west side and Portland Canal on the southeast side. On account
of mining activity in the vicinity of Portland Canal, the southeastern
part is referred to by Americans as the Portland Canal district and
by Canadians as the Portland Canal mining division.

This portion of southeastern Alaska, along the international
boundary and adjacent to the intrusive rocks on the Coast Range,
has been recognized for years as favorable for the occurrence of
mineral deposits, and in the last 22 years numerous more or less
promising deposits have been discovered and located. The present
renewal of public interest in this part of Alaska and British Columbia
is due mainly to the recent successful development of some of these
deposits at the head of Portland Canal, on the Canadian side of the
boundary, and the promise which such development holds forth for
the subsequent exploitation of similar depos1t;s that lie along this
same zone of mineralization.

A considerable amount of topographic and geologic work, both
American and Canadian, has been done in this district and in the
area adjoining it. The first and most essential preliminary require-
ment—that is, a topographic map—was prepared by the Canadian
Boundary Commission in 1902, in connection with the accurate
location of the international boundary; and in 1910 a topographic
map of the Portland Canal mining area (map 50 A) was prepared
by the Geological Survey of Canada. The later map covers mainly
the area drained by Bear River, one of the headwater tributaries
of Portland Canal. The accompanying base map (Pl. V) is com-
piled mainly from these two sources. A new map of this area is soon
to be issued by the International Boundary Commission.

- 7230°—21—Bull. 714—9 129
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The principal publications by workers in the United States Geo-
logical Survey that have a bearing on the geology and mineralization
of the Salmon-Unuk River district are as follows, named in chrono- -
logic order.

Brooks, A. H Preliminary report on the Ketchikan mining district, Alaska U. 8.
Geol. Survey Prof Paper 1, 1902.

Wright, F. E., The Unuk River mining region of British Columbia: Canada Geol.
Survey Summary Rept. for 1905, Ottawa, 1906.

Wright, F. E., and C. W., The Ketchikan and Wrangell mmmg districts, Alaska
U. 8. Geol. Survey Bull. 347 1908.

Chapin, Theodore, Mmmg developments in southeastern Alaska, in 1915: U. 8.
Geol. Survey Bull. 642, pp. 94-98, 1916.

~ The Skeena and Portland Canal mining divisions include that part
of the Salmon-Unuk River region that lies in British Columbia.
Notes on the progress of mining in these divisions have been published
annually for a number of years by the British Columbia Bureau of
Mines. The latest ot these reports dealing with the valley ot Salmon
River are as follows:

Clothier, G. A., Portland Canal minin'g division: British Columbia Bur. Mines
Ann. Rept. for 1917, pp. F68-¥73, 1918.

Jack, P. S., Portland Canal mmmg division: Idem, p. ¥84.
Clothier, G. A., Portland Canal mining division: Idem for 1918, pp. K80-k83, 1919.

Investigations have also been carried on by the Geological Survey
of Canada in these mining divisions, and this work is still in progress.
Four reports have so far been published, and a fifth is in course of
publication. The published reports are as follows:

McConnell, E. G., Portland Canal district, British Columbia: Canada Geol. Survey
Summary Rept. for 1909 pp. 59-89, 1910.

McConnell, R. G., Salmon River district, British Columbia: Idem for 1911, pp.
50-56, 1912 '

McConnell, R. G., Portland Canal district, British Columbia: Idem, pp. 56-71.
McConnell, R. G., Portions of Portland Canal and Skeena mining divisions, Skeena
districts, British Columbia: Canada Geol. Survey Mem. 32, 1913.

The last named of these four publications is essentially a compila-
tion from the three earlier summary reports. :
The present report represents no original work whatever on the part
of the writer. It is essentially a brief compilation of the work of
earlier American and Canadian workers, prepared to meet the de-
mand for a statement of the available information on the area be-.
ginning at Portland Canal and extending northwestward. The only
qualification of the writer for the preparation of such a statement is
a general familiarity with the country gained by geologic field work
in southeastern Alaska. The latest work by the United States Geo-
logical Survey was done in the Portland Canal district by Theodore

Chapin in 1915, and his report is cited above.
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PHYSICAL AND ECONOMIC GEOGRAPHY.
RELIEF.

The Salmon-Unuk River region belongs in large part to the Coast
Range province of southeastern Alaska and is therefore an area of
considerable relief. The area included in this report extends from
tidewater at Behm and Portland canals to the crest of the Coast
Range and therefore lies mainly in the western half of the Coast
Range. The range in this area is about 100 miles wide and has

- rather poorly defined crest line. Many of the peaks of the range

attain elevations of 6,000 to 9,000 feet, but within this area none
exceed 8,000 feet. The mountain summits are more uniform in
elevation in this western portion of the range, within the area of
granitic rocks, than on the east 31de, where argillites and greenstones
OCCUI'

" Some of the larger streams in this v1cm1ty, such as Stikine, Nass,
and Skeena rivers, cut completely through the Coast Range, and the
smaller streams are in general deeply incised, resulting in the devel-
opment of a marked relief. Thus Unuk River at the international
boundary flows at an elevation of 600 feet above sea level, and a peak
a short distance northwest rises to 6,200 feet. Similarly, Salmon
and Bear rivers have their upper basins adjacent to mountains of
7,000 to 8,000 feet in elevatlon and reach tidewater within a distance
of about 15 miles.

In addition to marked relief, this area is further characterized by
very precipitous slopes, caused mainly by intense glaciation. The
higher peaks are sharp and serrated, owing to crest-line sapping by
the glaciers. Below 5,500 feet the hills were overridden by flowing
ice and the crests are smooth and rounded, but the valley walls have
been oversteepened by glacial scouring and are everywhere very pre-
cipitous and in places sheer, unscalable cliffs.

DRAINAGE..

The principal streams that drain this area, named in order from
northwest to southeast, are Blue, Unuk, Ledue, Chickamin, Salmon,
and Bear rivers. Of these, Blue River is tributary to the Unuk and
Leduc River to the Chickamin. Unuk River enters Burroughs Bay,
an inlet from Behm Canal, and Chickamin River enters Behm Canal.
Salmon and Bear rivers enter Portland Canal at its head. Both
Unuk and Chickamin rivers rise within the Coast Range and flow
through more or less canyon-like valleys in their upper courses. In
their lower courses, however, the valleys of these two streams broaden
out and are characterized by wide, gravel-covered bottoms. At the
head of Unuk River, about 60 miles from Burroughs Bay, a narrow
divide leads over to a branch of Iskoot River, through the valley of
which it is possible to enter the inland plateau of British Columbia.
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Salmon and Bear rivérs, though shorter than the Unuk and Chicka-
min, are of the same general character. Salmon River heads in Sal-
mon Glacier and flows 13 miles to Portland Canal. Its principal

tributaries are Texas Creek from the west and Cascade Creek from

the north. Big Missouri Ridge, on which are some of the chief mining
properties of the district, lies between Cascade Creek and Salmon
Glacier, and Bear River Ridge is the divide between Bear and Salmon
Tivers. : ~
Bear River is a swift mountain stream .about 18 miles in length

that enters the upper end of Portland Canal. It heads against

Strohn Creek, a tributary of Nass River, in a low pass comparable
with the pass at the head of Unuk River.

GLACIERS.

The upland areas of this region are covered with snow above an
elevation of about 5,000 feet, and these snow fields form the reser-
voir or collecting ground for numerous glaciers thdt extend down into
the valleys. At least one-fourth of the region here described is thus
covered with snow and ice. The glaciers are of the valley or alpine
type, and few of them extend far down into the valley bottoms.
Practically all the major streams head against the terminals of these
ice lobes. This present condition of alpine glaciation is an aftermath
of the greater piedmont glaciers which at an earlier period covered

all the mountains of this area and formed a continuous sheet of flow-

ing ice that extended from sea level up to an elevation of about 5,500

feet.
CLIMATE.

This region has the characteristically wet climate of the western
flank of the Coast Range, though the precipitation is not so great as
at some other localities in southeastern Alaska, being probably
about 100 inches a year. The summer climate is cool, with con-
siderable rainfall, and the least precipitation occurslate in the
spring and early in the summer. The winter climate is comparable
with that of Juneau, and the thermometer seldom falls below zero.
Snow falls in the valleys from November to March. . Snowslides
from the steep slopes are of common occurrence late in the winter
and in the spring.

TIMBER AND VEGETATION.

The region is heavily forested up to an elevation of about 3,500
feet, and stunted timber grows in places 1,000 feet higher. In the
valley bottoms, where the best timber is found for mining purposes,
hemlock is the most abundant as well as the most valuable tree and
furnishes good timber for mining and structural uses. Sitka spruce
and cottonwood are also well represented in the valleys. Balsam
and mountain hemlock are more abundant on the higher slopes. In
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~ addition to trees, a thick mantle of other vegetation, including moss

and brush of several varieties, covers the bedrock exposures, except
at high altitudes and on unscalable cliffs. This mantle makes pros-
pectmo difficult and accounts in part for the slow development of
the mining resources.

WATER POWER.

Water powers should be available at many localities in this region,
owing to thelarge size and steep gradients of the streams. Insummer,
as is the general rule in an area of high precipitation, with streams
fed by melting snow and ice, water is usually plentiful. In winter,
however, the supply is much less, for the precipitation is in the form
of snow, and glacial melting is at & minimum. Careful measurements
of the minimum run-off in winter should precede the establishment
of power plants. Two power. plants have already been established
in Canadian territory, on Glacier and Lydden -creeks, tributaries of
Bear River. . . .

SETTLEMENTS.

The two important settlements are Stewart and Hyder, the former
in ‘Canadian and the latter in American territory. Stewart, the
distributing point for the Canadian part of the mining district, is
at the head of Portland Canal, at the mouth of and on the west side
of Bear River. It had a population of about 250 people in the fall
of 1919. Hyder, the American distributing point, is about 2 miles
from Stewart, at the mouth of and on the east side of Salmon River.
In the fall of 1919 it was said to consist of 30 to 40 houses and was
supplied with a wharf.

MEANS OF COMMUNICATION.

Hyder and Stewart, being on tidewater, are connected by steam-
ship and gas-boat service with Prince Rupert and Ketchikan. A
railroad starting from Stewart has been built up Bear River for a
distance of about 12 miles, and & wagon road has also been con-
structed up the Bear River valley. Another wagon road has been

“built up the east side of Salmon River from Hyder for 11 miles, and a

trail continues up onto the ridge between Salmon Glacier and Cascade
Creek as far as the Big Missouri mine, a distance from Hyder of about
20 miles. A good wagon road has been built from Elevenmile up
to the Premier mine, a distance of 5 miles. Another good road con-

* necting Stewart and Hyder is nearing completion. During the

summer of 1920 a road will probably be built from Elevenmile up
Big Missouri Ridge. The Salmon River road is the only feasible

" means of egress from the Canadian mining properties along the west

side of Bear River and on Big Missouri Ridge. )
Another means of entrance to this region is by way of Unuk
River. In 1905 a wagon road was built up Unuk River for a dis-
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tance of 42 miles to a mmmg prospect, but portions of the road
are now washed out.

GEOLOGY.
SALIENT FEATURES.

Little geologic work has been done in the American part of the
Salmon-Unuk River region, chiefly because the rocks are mainly
intrusive and afford little information regarding the geologic history
of the region. On the Canadian side, however, a considerable
amount of geologic study and mapping has been accomplished,
chiefly by R. G. McConnell, of the Geological Survey of Canada,
whose reports are listed on page 130. Subsequent work has been
done by J. J. O’Neill, of the same organization, but the results of
his investigations have not yet been published. The writer has
merely compiled a condensed summary of the geology, so far as
known at present.

The Coast Range batholith of granitic rocks is bordered on the
east in the vicinity of Portland Canal by two series of sedimentary
rocks, mainly of argillaceous character, between which lies a vol-
canic complex of massive and fragmental igneous rocks, usually of
greenstone habit. All three of these formations are cut by intru-
sive rocks. At some localities Tertiary lavas are also present.
Overlying the hard rocks are surficial deposits of alluvial, estuarine,
and glacial origin. These six rock units, named in order from oldest
to youngest, are the Bitter Creek formation, the Bear River formation,
the Nass formation, the granitic rocks of the Coast Range, the Tertiary
lavas, and the surficial deposits. The Bear River formation is a
complex of volcanic rocks, in which has occurred the mineralization
on Bear River and Big Missouri ridges, where mlmng developments
are now progressing so rapidly.

BITTER CREEK FORMATION.

In the vicinity of Portland Canal the Bitter Creek formation is not
known to occur west of Bear River, and therefore it will probably not
be seen along the international boundary, where present mining in-
terest centers. The formation consists mainly of argillite, which in
places has developed a slaty cleavage, usually parallel with the
original bedding planes. Some beds of much altered greenstone of
tuffaceous origin and small nonpersistent beds of crystalline lime-
stone are interstratified with the argillite at certain localities. This
series of rocks as exposed east of Bear River dips southwestward under
the other formations and is considered older. These rocks are either
Paleozoic or Mesozoic; their exact age is not known. In the valleys
of Glacier and Bitter creeks, eastern tributaries of Bear River,
quartz veins and other mineralized zones are present in the Bitter
Creek formation.
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The upper 25 or 30 miles of Unuk River drains a schist-argillite
belt, which begins about 4 miles upstream from the international
boundary and is probably, at least in part, the equivalent. of the Bit-
ter Creek formation as known east of Bear River. It is likely that
the schistose members in this belt have been developed by dynamic
metamorphism caused by the intrusion of the Coast Range batho-
lith. This belt of argillite appears to parallel the granite of the east
from British Columbia to Skagway, and is characterized along its
whole extent by the occurrence here and there of silver and gold
bearing veins in the vicinity of the granitic rocks. Placer gold and
lode deposits of silver, gold, and lead have been found in the upper
valley of Unuk River, on the Canadian side of the boundary.

At least two narrow bands of schist cross Unuk River below the
international boundary, and a somewhat wider band follows along
the east side of Behm Canal. These schistose rocks are believed
to represent metamorphosed phases of the sedimentary series of
rocks east of the Coast Range batholith.

BEAR RIVER FORMATION. .

Overlying the Bitter Creek formation is the Bear River formation,
which crops out along the east side of Salmon River in Alaska and
continues northeastward into British Columbia. This formation is
the main country rock of the Salmon River valley, where a number
of promising mining properties are situated. It is a complex made
up chiefly of massive and tuffaceous volcanic rocks. The massive
rocks are in general of andesitic nature and are called porphyrites.
In general they are porphyritic, though this feature is not noticeable
in all hand specimens, and they show a flow structure in many thin
sections. Plagioclase feldspar in two generations is the chief con-
stituent and is accompanied by subordinate amounts of augite or
hornblende, iron oxides, and apatite. Secondary minerals, includ-
ing chlorite, calcite, epidote, leucoxene, and hematite, are suffi-
ciently common to impart to the rocks as a whole a greenstone habit.
The fragmental rocks consist of tuff, volcanic breccias, and agglom- .
erates and evidently indicate that sedimentation played a consid-
erable part in the formation of this complex. This inference is
further borne out by the presence of some thin intercalated beds of
argillite.

Along the east side of Salmon Creek, in American territory, where
this series of rocks abuts against the granite of the Coast Range, the
greenstones are intensely sheared and metamorphosed and have
developed into coarse greenish and grayish schists, in which the
schistosity roughly parallels the greenstone-granite contact. The
rocks dip steeply toward the granite, and in general the metamor-
phism increases in intensity in that direction.
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NASS FORMATION.

Little need be said of the group of rocks that constitute the Nass
formation, for they are not known to occur in Alaska and have not
been found to be mineralized. Like the Bitter Creek formation, the
Nass consists of a thick series of argillite, with some coarse clastic
beds. In the upper Salmon River valley, within British Columbia,
isolated bodies of such rocks overlie the Bear River formation.

GRANITIC ROCKS OF THE COAST RANGE.

The intrusive rocks that compose the Coast Range batholith range
from granite to diorite and even to gabbro. Quartz-hornblende
diorite, however, is the predominating type. The major part of the
Salmon-Unuk River region is occupied by granitic rocks.

Within the central part of the granitic batholith the granite is of
rather uniform texture, but at the edges, particularly along the west
flank, variations are seen. Thus along the shores of Behm Canal
pegmatite and aplite dikes form an intricate network of white strands
at the edge of the granodiorite, and in the adjacent schist several
generations of such dikes may be observed. At a distance this com-
plex of granodiorite, schist, and dikes resembles a breccia. The
granodiorite is also commonly gneissoid, and the included fragments
of schist merge into rocks resembling basic differentiation products.
As a result of this condition, brought about by intrusion at great
depth, the contact between the granite and other country rock is
indistinct in many places along the western flank of the batholith.
This condition is less apparent along the eastern flank, although dike
rocks are also present there.

The typical quartz-hornblende diorite of the Coast Range is com-
posed essentially of plagioclase, feldspar, quartz, biotite, hornblende,
and orthoclase, named in the order of abundance. Titanite, magnet-
ite, and apatite are accessory minerals, and small amounts of see-
ondary products such as epidote, sericite, calcite, and chlorite also
occur in the central part of the batholith.

These granitic rocks are the source of the mineralizing solutions
that have produced the ore deposits in this district, but the methods
of formation of the deposits have been devious, and the resulting ores
show wide differences in location, character, extent, and mineral
content. It is noticeable, however, that important mineralization
does not appear to have occurred within the main batholith but was
confined to the edges of the granitic rocks and the adjacent sedimen-
tary rocks. This is due to the fact that the mineralizing solutions
found their easiest upward course along the fractured zones near the
contact. The practical importance of this generalization is that the
best hope of finding ore deposits on the American side of the Unuk-
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Salmon River district is along the east side of Salmon River, where
the Bear River formation occurs.

TERTIARY BASALT.

The Tertiary basalts of this region are gray-green to black por-
" phyritic rocks ranging in composition from basic andesite to normal
basalt, composed essentially of plagioclase, pyroxene, and magnetite,
with a little olivine or quartz. Some alteration has taken place, but
as a rule these rocks are very fresh in appearance. These beds of
lava have been little disturbed since their formation and in most
places lie almost horizontal. Some tuffaceous layers are interbedded
with the lavas. Postglacial basaltic lavas are found in the lower
valley of Blue River, just above its junction with the Unuk.

SURFICIAL DEPOSITS.

The surficial deposits are chiefly of three types, glacial, estuarine,
and alluvial.. The glacial deposits consist of till, glaciofluviatile
material, and boulder clay, collected in deposits of many types.
Estuarine deposits similar to those now being formed in the heads
of the fiords are found on the hillsides at a height of 350 to 500 feet
above the present sea level and point unmistakably to a postglacial

uplift. Alluvial deposits composed of silt, sand, and gravel occurin - .

the valleys and are due to aggradation by the present streams.
Lacustrine deposits are also present in small areas.

MINERAL RESOURCES.
 GENERAL LOCATION. .

The mineralized zone of the Salmon-Unuk River region lies mainly
along the east flank of the Coast Range granite batholith and is
therefore largely in Canadian territory, except in the valley of Salmon
River, at the head of Portland Canal. Prospecting and mining have
been done at two general localities, one around the headwaters of
Unuk River and the other at the head of Portland Canal, in the
valleys of Salmon and Bear rivers. A zone of mineralization, how-
ever, lies along the east side of the granite batholith in British
Columbia, and it is very likely that other mineral deposits will be
-found along this zone. It is significant that mineral deposits have
been found at both the localities mentioned, which, as before pointed -
out, are the two natural passages through the range from the west
in this particular district. The Portland Canal area is the more
advuntageously situated, for Portland Canal cuts completely through
the granite and brings tidewater almost to the mines. The renewal
of interest in mining in this district is due to the successful develop-
ment of the Premier mine, and other properties of similar character
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~in the upper valley of Salmon Creek. Most of these properties are
on the Canadian side of the boundary, but it is not unlikely that
others worth while will ultimately be located on the American side.

UNUK RIVER.

Placer gold was reported in the Canadian part of the Unuk Valley
during the Cassiar excitement in the early seventies but received
little attention. In the early eighties gold-bearing gravels were
discovered on Sulphide Creek, and some placer gold was mined.
Subsequent to the rush of 1898 lode deposits were located on Sul-.
phide, Canon, and Bowlder creeks, tributaries of Unuk River, and-
on the North and South forks of the Unuk. On Sulphide Creek
two quartz veins in particular were prospected—one a 2 to 8 inch
vein of high-grade ore and the other a 20 to 30 foot vein of lower-
grade ore. The high-grade ore from the narrow vein consisted
chiefly of tetrahedrite (gray copper), pyrite, sphalerite, galena, and
native silver. About 100 tons of ore from this vein was milled in a
small stamp mill in 1901 and is reported to have given high assay
returns, particularly in silver. The ore minerals of the other vein
consisted of pyrite, galena, sphalerite, and chalcopyrite, with a little
native gold in the oxidized parts of the vein. The remoteness of
these lodes from the coast and the difficulties of access, even after a
road was built up Unuk River, have caused a loss of interest in this
mineralized area, and of late years no work has been done in this
vicinity. It is admitted that a low-grade property would be of
little value at that distance from the coast, but further prospecting
along the east side of the granite batholith, north and south from
Unuk River, with the purpose of locating lodes of high-grade ore,
might be well worth while.

SALMON RIVER.

GEOGRAPHY.

Salmon and Bear rivers, at the head of Portland Canal, particu-
larly the former, are the centers of the present mining interest in
this district. Bear River flows entirely in British Columbia, but
Salmon River lies partly in British Columbia and partly in Alaska.
On this account, and because interest centers in this locality, only .
the conditions in the valley of Salmon River will be discussed here.

. Salmon River rises in Salmon Glacier and flows about 13 miles
to Portland Canal about 2 miles below Stewart. All of Salmon
‘River proper lies in Alaska. Cascade and Texas creeks are the two
important headwater tributaries. Cascade Creek rises in British
Columbia and flows about 6 miles southward to join Salmon River
about 2 miles below the glacier. Texes Creek lies entn'ely in Alaska,
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" is about 10 miles in length, ‘and flows in a general easterly direction
to Salmon River about 4 miles below the glacier. The main ridge
between Salmon and Bear rivers is known as Bear River Ridge,
and the smaller ridge lying between Salmon Glacier and Cascade
Creek is called Big Missouri Ridge. (See P1..V.) The properties
now under intensive development lie in the valley of Salmon River
along the west side of Bear River Ridge and on Big Missouri Ridge.

AREAL GEOLOGY.

The country rock along the east side of Salmon River and Salmon
River Glacier is mainly the andesitic greenstone of the Bear River -
formation: To the west lies the granite of the Coast Range. The
contact between these two formations, however, is irregular and is
marked by Salmon River only in the most general way. Isolated
areas of granodiorite are present in the Bear River formation east
of Salmon River and in fact are the immediate s1tes of a number of
the ore deposits.

The greenstone near the gramtlc rocks is sheared and at places
rendered schistose, the schistosity trending north and dipping toward
the granite. The shearing and fissuring that are related to the ore
deposition, however, cut transversely across the earlier structure, as
may be seen at the Premier mine. Dike rocks of a variety of types,
ranging from granite to more basic rocks, together with other intru-
sives of similar composition but of a fine-grained porphyritic char-
acter, are found in the Bear River formation. Some of these dikes
are connected with the intrusion of the Coast Range batholith;
others are no doubt more closely related to the andesitic greenstone
sequence. It is presumed that the mineralization is connected with
the intrusive igneous rocks of the Coast Range.

TYPES OF DEPOSITS.

Two general types of lode deposits may be found along the east
side of the Coast Range batholith, within the Salmon-Unuk River
region. These may be designated vein deposits and replacement
deposits. The vein deposits consist of metallic minerals, usually
with quartz, which have been laid down in open fractures, with a
minimum of replacement of the country rocks. Where such de-
posits fill openings of regular form, such as openings along fault or
joint planes, true veins are developed. Where the infiltration and
deposition have occurred in irregularly fractured areas, something
akin to a brecciated ore zone results. The replacement deposits are

those which have been formed in zones of shearing and fissuring, with .-

or without gangue minerals but accompanied by much replacement
of the country rock. Naturally these two types are not mutually
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exclusive, and both types may be found in close association at some
localities. It appears that the lodes along the east side of the Coast
Range have been deposited at shallower depth than those along the
west side, as at Juneau, and in contradistinction to the lodes of
Kasaan Peninsula they show little or no evidence of contact-meta-~
morphic origin. ,

Deposits of both the types mentioned are found in the Salmon
River valley. The low-grade ores are chiefly impregnation and re-
placement deposits of considerable size lying along zones of fissuring
and shearing. They are characterized by indistinct rather than
sharp boundaries. The ore minerals are usually pyrite, sphalerite,
galena, and chalcopyrite, and the valuable constituents are gold,
silver, zinc, and to a smaller extent copper. Pyrrhotite is present at
some localities, but it carries little gold, as the gold is apparently
associated for the most part with pyrite. At and in the vicinity of
these impregnated zones the country rock is much silicified and altered
to calcite, chlorite, and sericite. In places the gangue material con-
sists solely of such altered country rock. Considerable oxidation has
taken place, as is indicated by the discoloration at the surface out-
crops, and there is reason for the belief that downward enrichment
may have played some part in the formation of some of the lodes.

The high-grade deposits are essentially rich silver and gold ores,
occurring both as veins and as replacement deposits, many of them
within zones of lower-grade ores. These higher-grade ores have not
been studied in detail, and their exact relation to the lower-grade
-ores is not definitely understood, though the evidence available points
to their formation at a somewhat later period. The silver minerals
present in the high-grade ores include argentite (silver glance), ar-
gentiferous tetrahedrite, native silver, pyrargyrite, and proustite,
and possibly stephanite and other silver minerals. Little native
gold is seen, and ores with high gold content are characterized by
much pyrite.

LODE PROPERTIES.

The properties at present being prospected or developed include
the Premier, Mineral Hill, Big Missouri, Bush mines, Forty-Nine,
Indian mines, International, Payroll, Yellowstone, Boundary, North-
ern Light, Cascade Forks, Spider, Hercules, Silver Tip, Bunting,
Unicorn, Lake & O’Leary, New Alaska, Knobhill, and other groups of
claims. All these are in British Columbia. The International,
Premier, Bunting, and Bush mines properties lie along the west
flank of Bear River Ridge, but the Indian, Boundary, Payroll, Mineral
Hill, Big Missouri, Hercules, Forty-Nine, and Yellowstone groups of
claims stretch northward up Big Missouri Ridge.

The Premier mine is at present considered the most promising of
these properties. A description of the history and development of
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this mine is given by Charles Bunting.* This property, which origi-
nally consisted of two claims, lies along the west side of Bear River
Ridge and was discovered and staked in .June, 1910. These and
adjoining claims later passed into the hands of O. B. Bush, who
- organized the Salmon-Bear River Mining Co. This company and
others to which the property was successively bonded carried on,
development work until the spring of 1919, when the potentialities
of the property were finally recognized and demonstrated by R. K.
Neill, of Spokane. Partial ownership and financial control have now
passed into the hands of the American Smelting & Refining C6.

The lode is reported to consist of three low-grade ore bodies and
one of high grade, which appear to be of the replacement type above
described. The country rock is the Bear River formation, or ande-
sitic greenstone, greatly sheared, fissured, and fractured. The high-
grade deposit, on which the most work has been done, is an ore zone
in the fractured porphyry and follows a shear zone of fissuring and
fracturing which strikes N. 80° E: and dips 60° S. The gangue is
chiefly the silicified country rock. The ore minerals are reported to
be argentite (silver glance), argentiferous tetrahedrite, stephanite
(brittle silver), pyrargyrite, proustite, native silver, and pyrite carry-
ing much gold. A little pyrrhotite is present, but it carries only a
small percentage of gold. Small stringers in the larger ore body are
reported to carry wonderful specimens of the silver minerals. Though
classed as a rich silver mine, the ore is valuable for both gold and sil-
ver, the latter predominating. A sampling of all the present work-
ings and openings is reported by Bunting to have given an average
.value well over $30 a ton in silver and gold. The 512 tons that has
so far been shipped gave smelter returns of $168,000.

Less is known as yet of the possibilities of the low-grade deposits
on the Premier property, but it is assumed that like other low-grade
deposits near by, they consist of silicified zones in the andesitic green-
stone, impregnated with sulphides, chiefly pyrite, galena, sphalerite,
and chalcopyrite, carrying both gold and silver. ‘

+ The big Missouri, Mineral Hill, and Bush properties are also being
developed.

With rega:rd to mining properties in the Alaska portlon of the Sal-
mon River valley the following notes by Chapin * glve some idea
of what had been accomphshed up to 1915:

A group of claims extending from Sevemmle, on.Salmon River, to Fish Creek, has
been located, but only two of them have been developed. On the Riverside claim a
tunnel 100 feet above the river 'flat has been driven for 140 feet along a strong fissure

vein. The vein averages about 4 feet in width but pinches to 18 inches and in
places widens to 6 feet. Both walls are well defined. The wall rock is somewhat

1 Bunting, Charles, The Premier gold mine, Portland Canal, British Columbia: Min. and Sci. Press,
Nov. 8, 1919, pp. 670-672.

2 Chapin, Theodore, Mining developments in southeastern Alasks, 1915; U, S. Geol. Survey Bull, 642,
pp. 97-98, 1916,
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altered but contains little gouge. The vein filling is quartz with abundant sulphides.
Pyrite is the most abundant along the hanging wall and occurs in solid bunches and in
disseminated particles associated with chalcopyrite. On the footwall galena is the
most plentiful sulphide. The country rock is crystalline schist. On a parallel lode
of much the same character the Riverview claim is being developed. The vein strikes
N. 60° W. and dips about 60° NE. An adit has been, driven for 17 feet, exposing a
vein that varies from 1 foot to 4 feet in width. At the mouth of the opening it is 2 feet
wide on the roof and widens to 4 feet on the floor of the adit. At the face it is from 12
to 18 inches in width. Although the vein swells and narrows from place to place, the
walls are well defined. o

At ]g}ievenmile a little prospecting has been done, and several claims have been
located. On the Elevenmile and Iron claims a number of open pits have exposed an

dron-stained lode that follows a brecciated zone filled with veins of quartz carrying

chalcopyrite, sphalerite, and galena. Stringers of sulphide form shoots of very rich
ore with high silver content. On the Iron claim’a ton of this high-grade ore has been
sacked ready for shipment. The lode strikes northeast and dips steeply northwest.
On the hillside above Elevenmile, at an altitude of 1,500 feet, the Bertha and Western
claims are being developed on a northeastward-trending lode. One surface cut shows
thelode to be at least 15 feetin width. It consists ofsilicified schistose green tuff of the
“BearRiver formation,” with disseminated pyrite, chalcopyrite, galena,and sphalerite.
A number of claims have been staked on a zone of disseminated deposits exposed along
Salmon River at Eightmile and Ninemile, but only a little work has been done.

Some ‘promising fissure lodes have been located by Murphy & Stevenson on Fish
Creek and its tributary, Skookum Creek, where more than the necessary amount of
agsessment work has been done. Near the mouth of Skookum Creek an adit was
driven for 25 feet along a fissure that had been traced by surface trenches for 2,000 feet
The vein is 4% feet wide, strikes N. 40° E., and dips about 55° SE. The quartz gangue
carries galena, chalcopyrite, tetrahedrite, sphalerite, and pyrite in veinlets and
irregular patches. 1t is being exploited mainly for its gold and silver content.

Near the head of Skookum Creek, at an altitude of 1,600 feet, a fissure vein has been
opened by an adit 320 feet in length and several crosscuts and inclines. The gangue
is quartz. Metallic sulphides present are tetrahedrite, chalcopyrite, galena, sphalerite,

" and pyrite in blebs and veinlets penetrating the quartz, and the richest ore occurs in

veinlets of tetrahedrite and galena. The country rock is porphyry and schistose tuff

“ of the “Bear River formation.” The lode strikes N. 55° W. and dips 45° SW. At

the portal it is about 18 inches wide. At 70 feet from the portal only a part of the vein

+ is exposed, as the ore has been removed to a wall within the vein. At this place the

vein is 3 feet wide plus an unknown width in the wall of the adit. At various places
portions of the vein said to be very rich have been stoped out. At 300 feet from the
adit mouth the lode is abruptly cut by a vertical fault trending nearly perpendicular
to the lode, and short drifts along the fault plane in hoth directions had not shown the
position of the faulted lode. Samples of ore said to come from a near-by prospect,
which was not visited, contain particles of free gold in siliceous gangue.

Several claims have been staked on Texas Creek. The ore bodies are reported to be
quartz veins carrying searus of tetrahedrite penetrating granite and pegmatite. Little
work has been done in this locality.



WATER-POWER INVESTIGATIONS IN SOUTHEASTERN
ALASKA.

By Georee H. CANFIELD.

INTRODUCTION.

Systematic investigation ‘of the water resources of Alaska was
begun by the United States Geological Survey in 1906 and has been
carried on in different parts of the Territory to the present time.
This investigation was undertaken in response to the need for definite
information in regard to water available for many uses, among which
the most 1mp0rtant are hydraulicking, dredging, and supplymg power
for mines, canneries, and sawmills.

The investigation of the water resources of southeastern Alaska
was begun by the Geological Survey in cooperation with the Forest
Service in 1915 and was designed to determine both the location and
the possibilities of water-power sites. The results of previous years’
work have already been published.? A table showing water-power
possibilities in southeastern Alaska is given on page 184.

The Geological Survey maintained a number of gaging stations in
southeastern Alaska throughout the year, and other stations were
installed in cooperation with individuals and corporations. The
records obtained at these stations are contained in this paper. Ac-
knowledgment is made to those who have assisted in this work,
particularly to Mr. W. G. Weigle and Mr. Charles H. Flory, super-
visors of the Forest Service at Ketchikan, and to Mr. Philip H. Dater,
district engineer at Portland, Oreg.

The stations for which the records are presented are the following:

Myrtle Creek at Niblack.

Ketchikan Creek at Ketchikan.

Fish Creek near Sealevel.

Swan Lake outlet at Carroll Inlet.
Orchard Lake outlet at Shrimp Bay.
Shelockum Lake outlet at Bailey Bay.
Karta River at Karta Bay.

Cascade Creek at Thomas Bay.
Green Lake outlet at Silver Bay.

1 In cooperation with the United States Forest Service.
2 U. 8. Geol. Survey Bull. 662, pp. 100-154, 1918; Bull. 692, pp. 43-83, 1919.
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Baranof Lake outlet at Baranof.

Sweetheart Falls Creek near Snettisham.

Crater Lake outlet at Speel River, Port Snettisham.

Long River below Second Lake, at Port Snettisham.
Grindstone Creek at Taku Inlet.

Carlson Creek at Sunny Cove.

Sheep Creek near Thane. T,
Gold Creek at Juneau.

Falls Creek at Nickel.

Porcupine Creek near Nickel. .

STATION RECORDS.
MYRTLE CREEK AT NIBLACK, PRINCE OF WALES ISLAND.

Locarion.—Halfway between beach and Myrtle Lake outlet, which is one-third
mile from tidewater, 1 mile from Niblack, in north arm of Moira Sound, Prince
of Wales Island, and 35 miles by water from Ketchikan.

DrAINAGE AREA.—Not measured.

REcorps AvArLABLE.—July 30,.1917, to December 31, 1919.

GaGe.—Stevens continuous water-stage recorder on right bank; reached by a trail
which leaves beach near the mouth of the creek.

DISCHARGE MEASUREMENTS.—At medium and high stages made from a cable across
creek at outlet of lake; at low stages made by wading.

CHANNEL AND CONTROL.—The gage is in a pool 10 feet upstream from a contracted
portion of the channel, at a rocky riffle that forms a well-defined and permanent
control. At the cable section the bedis smooth, the water deep, and the current
uniform and sluggish.

EXTREMES OF DISCHARGE.—Maximum stage during year from water-stage recorder,
3.07 feet at 9 a. m. December 18 (discharge, 196 second-feet); midimum stage
1.08 feet, September 8-9 (discharge, 28 second-feet).

1917-1919: Maximum stage recorded, 4.40 feet at 5 p. m. November 18, 1917;
discharge, estimated from extension of rating curve, 387 second-feet; minimum
stage, 1.08 feet September 8-9, 1919 (discharge, 28 second-feet).

Ice.—Stage-discharge relation not affected by ice.

Accuracy.—Stage-discharge relation permanent. Rating curve, determined by
five discharge measurements, is very well defined between 30 and 220 second-
feet. Operation of water-stage recorder satisfactory except for periods shown in
footnote to daily-discharge table. Daily discharge ascertained for periods
recorder was operating by applying to rating table mean daily gage height; for
periods recorder wasnot operating by determining with a planimeter the monthly
means from an estimated hydrograph drawn by means of staff gage readings by
observer about once every 10 days, maximum and minimum stages indicated by
the recorder, and recorded hydrograph, and by comparison of the record for this
station with that for Karta River. Records good except for periods when the
recorder stopped, for which they are fair. '

Myrtle Lake, tle outlet of which is 800 feet from Niblack Anchorage, is 95 feet
above sea level and covers 122 acres. Niblack Lake, the outlet of which is 5,700 feet
from Niblack Anchorage, is 450 feet above sea level and covers 383 acres. Mary Lake,
unsurveyed, is about 600 feet above sea level and is a mile long and one-fourth to
one-half mile wide. The large lake area in this small drainage basin is the cause of
the well-maintained flow during the winter and periods of little rainfall.

The following discharge measurement was made by G. H. Canfield:

August 29, 1919: Gage height, 1.20 feet; discharge, 32 second-feet.
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Daily discharge, in second-feet, of Myrtle Creek at Ntblack for 1919.

7 PR

Day. Jan. | Feb. | Mar. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dee.

Nore.—Discharge for following periods estimated because of unsatisfactory operation:of water-stage
recorder, from maximum and minimum stages indicated by recorder and by comparison with hydrograph
for Karta River: Jan. 21-31, 80 second-feet; Feb. 1-3, 65 second-feet; Mar. 19-31, 60 second-feet; Apr.1-31,
100 second-feet; May 1-31, 110 second-feet; June 1-26, 90 second-feet; Dec. 25-31, 115 second-feet. Dis-
charge for following periods estimated from.records for Karta River: Oct. 15-18, 40 second-feet; Oct. 21-24,
35 second-feet; Oct. 26-29, 35 second-feet; Nov. 3-13, 40 second-feet.

Monthly discharge of Myrtle Creek at Niblack for 1919.

. Discharge in second-feet. ’
3 : Run-off (in
.Month. . ~| acre-feet).
Maximum, | Minimum., |' Mean

January...... e teeettnasesesasssnersaceseasncncancnannes . b2/ ) 124 ~ 7,620
February . . 69.4 3,850
March.... 48.1 2,960
April..... 100 5,950
Y. en.. 110 6,760

June. . 85.0 5,
July..... 55.8 3,430
August... 38.6 2,370
September . 40.8 2,430
October.. 40.3 2,480
November. . 59.4 3,530
December.. 78.9 4,850
The year 70.8 51,300

7230°—21—Bull. 714—-10
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. \ )
EETCHIKAN CREEK AT KETCHIKAN.

LocaTioN.—One-fourth mile below power house of Citizens Light, Power & Water
Co. one-third mile northeast of Ketchikan post office, downstream 200 feet from
mouth of Schoenbar Creek (entering from right), 1} miles from mouth of Granite

. Basin Creek (entering from left), and 14 miles from outlet of Ketchikan Lake.

DrAINAGE AREA.—Not measured. ' ’

RECORDS AVAILABLE.—November 1, 1909, to June 30, 1912; June 9, 1915, to December
17, 1919.

Gaee,—Vertical staff fastened to a telephone pole near board walk on left bank at

" bend of creek 200 feet downstream from mouth of Schoenbar Creek; rcad by
employee of the Citizens Light, Power & Water Co. The gage used since June
9, 1915, consisted of the standard United States Geological Survey enameled gage
section graduated in hundredths, half-tenths, and tenths from zero to 10 feet.
The original gage, established November, 1909, and read until June 30, 1912,
is at same location and same datum. Itis a staff with graduations painted every
tenth. Gage not replaced when.a new telephone pole was placed December 17,
1919, by the company.

DISCHARGE MEASUREMENTS.—At medium and high stages from footbridge about 500
feet upstream from gage; medsuring section poor, as the bridge makes an angle of
20° with the current, and at high stages the flow is broken by large stumps near
left bank and at middle of bridge. Low-stage measurements made by wading
50 feet below bridge or at another section 100 feet above gage. The flow of
Schoenbar Creek hag been added to obtain total flow past gage.

CHANNEL AND CONTROL.—Gage is located in a large deep pool of still water at a
bend in creek. The bed of the stream at the outlet of this pool is a solid rock
ledge, but changes in a gravel bar at lower right side of pool cause occasional
changes in stage-discharge relation.

EXTREMES OF DISCHARGE.—1909-1912 and 1915-1919: Maximum stage recorded, 8.3
feet November 18, 1917 (discharge estimated from extension of rating curve, 4,400
second-feet); minimum discharge, 34 second-feet, September 24, 1915.

Ice.—Ice forms along banks but control remains open.

Drversions.—A small quantity of water is diverted above the station for the use of
the town of Ketchikan, the New England Fish Co., and the Standard Oil Co.

ReeuraTION.—Small timber dam and headgates are located at outlet of Ketchikan
Lake. Water diverted through power house is returned to creek above gage but
causes very little diurnal fluctuation. During low water the flow is increased by
water from the reservoir. :

Accuracy.—Stage-discharge relation changed during high water August 19, 1917.
Rating curve used August 19, 1917, to December 17, 1919, fairly well defined below
and poorly defined above 800 second-feet. Gage read to hundredths once daily.
Daily discharge ascertained by applying gage height to rating table.

The following discharge measurement was made by G. H. Canfield:
* February 27, 1919: Gage height, 0.18 foot; discharge, 49 second-feet.



WATER-POWER INVESTIGATIONS IN SOUTHEASTERN ALASKA. 147

Daily discharge, in second-feet, of Ketchikon Creek at Ketchikan for 1917-1919.

Day. Jan. | Feb. | Mar. | Apr. May.’ June. | July. | Aug. | Sept. | Oct. | Nov..| Dec,
!

69 54 54 42 93 196 382 200 110 450 | 1,778 83

71 54 61 245 90 196 493 160 95 466 450 2

66 108 66 241 74 196 720 180 95 295 205 55

64 176 69 125 76 220 616 160 95 | 1,150 230 67
-

74 249 66 99 160 308 | 357 160 95 410 | 1,530 80

276 168 52 7 216 200 160 142 95 295 490 67
115 125 54 76 220 204 142 125 104 230 370 55
82 523 52 76 212 204 142 108 110 180 | 2,950 55
79 450 48 64 200 204 142 160 40 160 | 4, 55

66 [....... 46 142 216 160 142 230 378 260 160 210
64 ...l 44 139 220 180 142 205 354 900 116 260
v 6L ... 421....... 220 |....... 180 195 |..-.... 2,490 |..-.... 230

L7710 8 64

101 67 80 131 330 125 530 55 370 750 125
....... 89 140 205 125 200 295 55 281 | 1,950 101
60 [....... 62 172 200 152 148 137 §3 330 1, 67
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Daily discharge in second-feet, of Ketchikan Creek at Ketchikan for 1917-1919.—Contd.
) Q

Day Jan. | Feb. | Mar. | Apr. | May. | .June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.

53 700 122 2 125 80 67 62 230 62
55 390 110 18 116 80 65 77 140 67
53 260 104 172 148 77 65 80 67 55,
53 248 92 160 110 77 67 80 67 62
53 180 83 160 104 75 65 410 65 67
51 168 80 152 95 77 62 110 62 62
53 370 119 140 10 80 62 101 92 60
55 110 125 140 107 7 60 160 20 62

Monthly discharge of Ketchikan Creek at Ketchikan for 1917-1919.

Discharge in second-feet.
: - Run-off in
Month. acre-feet.
Maximum. | Minimum. | Mean,
267 61 108 6,520
710 b4 179 9,940
71 42 54.8 3,370
245 42 114 6,780
523 74 192 11,800
553 160 249 14, 800
720 125 240 14,800
3,160 108 455 28,000
80 148 8,690
2,490 125 402 24,700
4,400 116 | 1,170 69,600
December... 570 43 a9 )
The year.......... e teeeeineeanas .. 4,400 42 283 205,000
1918,
AU e et eteeneeneitniaieearassetastnsnnascnn . 630 45 167 10,300
450 43 90.1 5,000
89 43 54.3 3,340
402 53 152 9,040
410 110 227 14,000
205 60 144 8,570
530 72 140 8,610
875 62 234 14,400
260 45 81.0 ,820
1,770 67 480 29,500
1,950 65 357 21, 200
1,000 53 231 14,200
1,950 43 198 143,000
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Monthly ischarge of Ketchikan Creek at Ketchikan for 1917-1919—Continued.

Discharge in second-feet. .

_| Run-off in

Month. | acre-feet.
Maximum. | Minimum. | Mean. -
1,000 62 247 15,200
230 55 92.1 5,120
650 51 08.9 6,080
950 89 294 17,500
725 80| 238 14,600
570 125 195 11, 600
390 95 137 8,420
725 67 135 8,300
1,650 60 266 15,800
62 107 6,580
November.... IR 1,590 62 406 24,200
December 1-17 . ..ot 700 55 143 4,820
0 (T 1) R P SOTTURUPPI ISP 138,000

FISH CREEK NEAR SEALEVEL, REVILLAGIGEDO ISLAND.

Locatron.—In latitude 55° 24/ W., near outlet of Lower Lake on Fish Creek, 600 feet
from tidewater at head of Thome Arm; 2 miles northwest of mine at Sealevel
and 25 miles by water from Ketchikan.

Drainage AREA.“—Not measured.

Rzcorps AvarLaBLE.—May 19, 1915, to December 31, 1919.

GaGE.—Stevens water-stage recorder on right shore of Lower Lake, 200 feet above
outlet. _

DiscHARGE MEASUREMENTS.—At medium and high stages made from cable across
creek, 1 mile upstream from gage and 500 feet above head of Lower Lake; at low
stages made by wading at cable. Only one small creek enters Lower Lake, at
point opposite gage, between the cable site and control.

CHANNEL AND coNTROL.—The lake is about 500 feet wide opposite the gage. Outlet
consists of two channels, each about 60 feet wide, separated by an island 40 feet
wide. From the lake to tidewater, 200 feet, the creek falls about 20 feet. Bed-
rock exposed at the outlet of the lake forms a well-defined and permanent control.

EXTREMES OF DISCHARGE.—Maximum stage during year from water-stage recorder
4.78 feet at 11 p. m., December 18 (discharge computed from an extension of
rating curve, 3,810 second feet); minimum stage, 0.63 foot, Ma.rch 19 (discharge,
40 second-feet).

1915-1919: Maximum stage recorded, 5.33 feet November 1, 1917 (discharge,
4,600 second-feet); minimum stage, 0.50 foot, February 11, 1916 (discharge, 22
second-feet).

Ice.—Lower Lake freezes over, but as gage is set back in the bank ice does not form
in well, and the relatively warm water from the lake and the swift current keep
the control open. .

Accuracy.—Stage-discharge relation permanent. Rating curve well defined below
and extended above 1,500 second-feet. Operation of water-stage recorder satis-
factory except for period indicated by break in record shown in footnote to daily-
discharge table. Daily discharge ascertained by applying to rating table mean
daily gage height determined by inspecting gage-height graph, or, for days of
considerable fluctuation, by averaging results obtained by applying to rating
table mean gage helghts for regular intervals of day. Records good, except for
shqrt period of break in record, for which they are fair.

There are three large lakes in the upper drainage basin. Big Lake, 2 miles from
beach at an elevation of 275 feet, covers 1,700 acres; Third Lake, 250 acres; and Mirror
Lake, at an elevation of 1,000 feet, 800 acres. Two-thirds of the drainage basin is
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covered with a thick growth of timber and brush interspersed with occasional patches
of beaver swamp and muskeg. Only the tops of the highest mountains are bare. This
large area of lake surface and vegetation, notwithstanding the steep slopes and shal-
low soil, affords a little ground storage and after a heavy precipitation maintains a
good run-off. During a dry, hot period in summer, however, after the snow has’
melted, the flow becomes very low because of lack of ice or glaciers in the drainage
basin.
No discharge measurements were made at this station during the year.

Da'iiy discharge, in second-feet, of Fish Creek near Sealevel for 1919.

Day. Jan. | Mar. | Apr. | May. | June, | July. | Aug. | Sept. | Oct. | Nov. | Deec.

421 285 168 108 116 238 116
329 512 280 164 98 119 210 106
285 595 351 157 89 202 | e
259 512 466 157 84 200 |........

790 440 220 168 307
686 434 210 149 259
610 395 210 132 210
506 362 206 116 173
460 340 202 118 153
322 O FOU 188 123 |........

Norte.—Discharge for following periods estimated, because of unsatisfactory operation of water-stage
recorder, from maximum and minimum stages indicated by recorder and by comparison with hfydro%raphs
of other stations: Jan, 22-31, 140 second-feet; Feb. 1-28, 155 second-feet; Apr. 16-23, 320 second-feet; June 8
?m: 9, as shown in table; Nov. 4-9, 120 second-feet; Dec. 4-13, 70 second-feet; and Dec. 25-27, 1,100 second-

eet.

Monthly discharge of Fish Creek medr Sealevel for 1919.

Discharge in second-feet.

Run-off in
Month. acre-feet,
Maximum. | Minimum. [ Mean.

JADUBTY .. oot 1,960 |.oovnnnnnn.. 473 29,100
February. O Y N 155 8,610
March...... 1,620 40 157 9,650
ﬁpn] . 1,90 |............ 558 33,200
8Yeeee-- 929 254 5 31,000
June..... 610 330 4 25, 500
July...... 466 188 296 18,200
August... 866 118 260 16, 000
September. 983 69 271 16,100
October.... 546 116 294 18,100
November.. .. 1,960 (............ 489 29,100
December.. ... ..ot 3110 {............ 573 35,200
The year.............. s 3,110 40 373 270, 000
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SWAN LAKE OUTLET AT CARROLL INLET, REVILLAGIGEDO ISLAND:

Location.—Halfway between Swan Lake and tidewater, on east shore of Carroll
Inlet 1 mile from its head, 30 miles by water from Ketchikan.

DraiNaGE AREA.—Not measured.

RECORDS AVAILABLE.—August 24, 1916, to December 31, 1919.

Gage.—Stevens water-stage recorder on left bank, half a mile from tidewater; reached
by a trail which leaves beach back of old cabin one-fourth mile south of mouth
of creek. Gage was washed out by extreme high water in November, 1917.
New gage installed 10 feet farther back in bank at old datum, but with a new
control, on May 5, 1918. '

Di1SCHARGE MEASUREMENTS.—At medium and high stages, made from a cable across
stream 100 feet downstream from gage; at low stages, made by wading,

CHANNEL AND coNTROL.—The gage well is in a deep pool 25 feet upstream from a .
contracted portion of the channel, where a fall of 1 foot over bedrock forms a
permanent control. The effect of the violent fluctuation of the water surface
outside of the gage well is decreased in the inner float well, because the intake
holes at the bottom are very small. At the cable section the bed is rough, the
water shallow, and the current very swift. Point of zero flow is at gage height
—1.0 foot. '

- EXTREMES OF DISCHARGE.—Maximum stage during year, from water-stage recorder,
6.55 feet at 10 a. m., December 18 (discharge, computed from extension of rating
curve, 3,700 second-feet); minimum stage, —0.04 foot March 19-20 (discharge,
36 second-feet). >

1915-1918: Maximum stage occurred probably on November 1, 1917 (discharge,
estimated by comparison with Fish Creek, 5,500 second-feet); minimum dis-
charge, 36 second-feet, March 19-20, 1919.

Ice.—Stage-discharge relation not affected by ice.

Accuracy.—Stage-discharge relation permanent. Rating curve, determined by five

. discharge measurements and point of zero flow, is fairly well defined below 2,000
second-feet. Water-stage recorder operated satisfactorily except for periods
indicated in footnote to daily-discharge table. Daily discharge ascertainéd by
applying to rating table mean daily gage heights determined by inspecting gage-
height graph, or, for days of considerable fluctuation, by averaging discharges
obtained by applying to rating table mean gage heights for regular intervals of
day. Results good except for periods of break in record, for which they are fair.

Swan Lake, whose area is about 350 acres, is 1} miles from tidewater, at an elevation
of 225 feet.
Discharge measurements of Swan Lake outlet at Carroll Inlet during 1919.
(Made by G. H. Canfield.] ’

-~

Gage Dis-
Date. height. | charge.

Feet.| Secft.
5 £ R U 0.23 ' 61
Aug. 30, L .95 201
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Daily discharge, in second-feet, of Swan Lake outlet at Carroll Inlet for 1919.

Day. Jan. Mar. | Apr. | May. | June. | July. | Aug. | -Sept. | Nov. | Dec.
390 390 294 181 150
477 374 282 156 |.. 132
684 '397 277 139 |.. - 118
711 621 274 124 |.. 107 °
577 730 274 118 98
473 621 309 120 [........ 90
437 533 306 [ - 118 ........ 8
441 465 274 112 103 79
321 441 265 |~ 107 126 74
577 418 262 - 11| 114 70
573 418 66
505 429 63
461 473 60
449 . 545 | 59
433 | - 545 78
433 481 196
437 445 1,410
449 411 3,470
565 384 2,400
848 | - 364 1,260
848 358 745
745 340 698
795 321 1,020
735 321 1,020
504 343 1,230
537 337 1,320
521 | 334 1,170
473 340 1,020
457 343 698
425 328 193i........ 10|........

........ 303

NotE.,—Discharge for following periods estimated,, because of unsatisfactory operation of water-stage.
recorder, by comparison with records for Fish Creek: Jan, 14-19, as shown in table; Jan. 27-31, 140 secong-
feet. From maximum and minimum stages indicated by recorder and by comparison with record for

- other stations as follows: Feb. 1-28, 120 second-feet; Mar. i-7, 60 second-feet; Sept. 23-30, 350 second-feet;
Oct. 1-31, 340 second-feet; Nov, 1-7, 200 second-feet. Discharge, Dec. 30-31, estimated at 400 second-feet
by comparison with record for Fish Creek.

Monthly discharge of Swan Lake outlet at Carroll Inlet for 1919.

. , . Discharge in second-feet.
Run-off (in
Month. : acre-feet).
Maximum. | Minimum. | Mean,
437 26,900
120 6,660
166 10, 200
571 34,000
629 38,700
546 32,
424 26,100
366 22, 500
400 23,
340 20, 900
534 31,800
638 39,200
433 313,000

ORCHARD LAKE OUTLET AT SHRIMP BAY, REVILLAGIGEDO ISLAND.

Location.—In latitude 55° 50/ N., longitude 131° 27/ W., at outlet of Orchard Lake,
one-third mile from tidewater at head of Shrimp Bay, an arm of Behm Canal,
46 miles by water from Ketchikan. ;
£RAINAGE AREA.—Not measured.
ECORDS AVAILABLE.—May 28, 1915, to December 31, 1919.



WATER-POWER INVESTIGATIONS IN SOUTHEASTERN ALASKA. 153

Gage.—Stevens water-stage recorder on right bank 300 feet below Orchard Lake and
100 feet above site of timber-crib dam, which was built in 1914 for proposed pulp
mill and washed out by high water August 10, 1915. Datum of gage lowered
2 feet September 15, 1915. Gage heights May 29 to August 10 referred to first
datum; August 11, 1915, to August 17, 1916, to second datum. Datum of gage
lowered 1 foot August 17, 1916. Gage heights August 18 to December 31, 1916,
referred to thisdatum. Gage washed out probably during high water on Novem-
ber 1, 1917. New gage installed on April 28, 1918, at old site at the datum of
August 17, 1916. )

DISCHARGE MEASUREMENTS.—At medium and high stages made from cable 5 feet
upstream from gage; at low stages by wading one-fourth mile below gage.

CHANNEL AND CONTROL.—From Orchard Lake, at elevation 134 feet above high
tide, the stream descends in a series of rapids for 1,000 feet through a narrow
gorge, then divides into two channels and enters the bay in two cascades of 100-
foot vertical fall. Opposite the gage the water is deep and the current sluggish.
At the site of the old dam bedrock is exposed, but for 30 feet upstream the channel
is filled in with loose rock and brush placed during construction of dam. This
material forms a riffle which acts as a control for water surface at gage at low and
medium stages and is scoured down when ice goes out of lake; the rock outcrop
at site of old dam acts as a control at high stages and is permanent.

EXTREMES OF DISCHARGE.—Maximum stage during year from water-stage recorder,
9.65 feet at 12 p. m. December 18 (discharge, 6,660 second-feet); minimum stage
recorded, —0.02 foot March 19 (discharge, 35 second-feet).

1915-1919: Maximum stage occurred, probably, on November I, 1917 (discharge
estimated by multiplying maximum discharge at Fish Creek on that date by
1.55, which is the ratio between the maximum discharges of Orchard Lake outlet
and Fish Creek on October 16 and 15,1915, 7,100 second-feet); minimum discharge,
estimated, 20 second-feet February 11, 1916.

Ice.—Stage-discharge relation not affected by ice.

Accuracy.—Stage-discharge relation changes occasionally during high water. Ratmg
curve, determined by five discharge measurements made since new -gage was
installed, point of zero flow, and form of upper portion of old rating curve, is well
defined below 4,000 second-feet. Water-stage recorder operating satisfactory
except for periods indicated in footnote to daily-discharge table Daily discharge

. ascertained by applying to rating table mean daily gage height determined by
inspecting gage-height graph, or, for days of considerable fluctuation, by aver-
aging results obtained by applying to rating table mean gage heights for regular
intervals of day. Records good, except for period of break in record, for which
they are fair.

The highest mountains on this drainage basin are only 3,500 feet above sea level
and are covered to an elevation of 2,500 feet by a heavy stand of timber and a thick
undergrowth of brush, ferns, alders, and devil’s club. The topography is not so
rugged as that of the area surrounding Shelockum Lake, and the proportion of vége-
tation; soil cover, and lake area is greater, so that more water is stored and the flow
" iu the Orchard Lake drainage is better sustained.

Discharge measurements of Orchard Lake outlet at Shrimp Bay during 1919.
[Made by G. H. Cantield.]

) dage Dis-
Date. heicht. | charge.

Feet. | Secft.
0 R O 0.21 © 59
Sept. 3 |ceeiiiiiiii N R 117 193
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- Daily discharge, in second-feet, of Orchard Lake outlet at Shrimp Bay for 1919,

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Anvg. | Sept. | Dec.

172 99 77| 2,530 660 620 600 374 323 |..
166 92 72| 1,550 522 720 560 368 242
232 85 63 | 1,080 433 1 1,000 580 353 203 |..

1,070 84 57 880 | - 407 ) 1,060 762 347 166 |..

1,310 81 55 762 426 880 980 359 148 ...
955 75 54 650 533 762 830 362 145 |....

2 090 75 53 514 720 720 740 338 140

2,000 75 51 400 905 720 640 305 131

1,980 94 51 338 855 785 596 323 125

1,310 148 52 326 700 855 “572 320 122
980 203 51 338 660 830 580
660 203 48 329 660 785 588
522 176 46 308 616 740 628
440 159 44 286 855 700 628
353 110 42 254 | 1,280 700 628
272 148 41 235 | 1,130 700 604 90
216 203 40 280 700 600 1,140
188 230 37 485 1 1,030 720 568 5,790
164 244 35 630 | 1,890 830 532 3,040
138 240 37 612 ,680 | 1,060 514 1,450
125 20F 44 522 | 1,080 | 1,030 511 680
125 162 61 426 762 005 474 740
128 140 83 467 680 980 442 1,310
124 124 97 580 | 1,430 880 443 1,490
119 113 97| 700| L430| 700] 471 1,680
115 94 [ 1,030 1,030 640 453 1,960
108 87 |. 1,490 880 640 450 1, 160
106 110 | 1,160 785 640 467 1,080
106 |. 398 930 700 680 460 660
110 1,91¢ 762 660 660 420 133
105 2,410 1........ 620 |........ 384 305

Norte.—Daily discharge for following periods estimated, because of unsatisfactory operation of water-
stage recorder: Feb. 22 to Mar. 3, by comnparison with hydrographs for other stations; Apr. 8 and 9, by
interpolation: May 27 to June 16, from gage-height graph drawn through maximum and minimum stages
shown by recorder and by comparison with record for Swann Lake outlet. Discharge for following periods
estimated from maximum and minimum stages indicated by recorder and by comnarison with_records for
other stations: Sept. 24-30, 320 second-feet; Oct. 1-31, 500 second-feet; Nov. 1-12, 200 sccond-fect; Nov.

13-30, 850 second-feet; and Dec. 1-7, 106 second-feet.

Monthly discharge of Orchard Lake outlet at Shrimp Bay for 1919.

Discharge in second-feet. .
Run-off in
Month. acre-feet.
Maximum. | Minimum. | Mean.
R (O E) o 2,090 105 532 32,700
February........ 244 5 139 7,7
March......... .. 206 12,700
April............. 696 41,400
May........... 869 53,400
June......... 788 46,900
July..... - 571 35,100
August...... 411 25,300
September 447 26, 600
October.......... 500 30,700
November F. 590 35,100,
BT oY) 791 48, 600
TRhe Year. ....uenie it iaieiianaaans eaenn 5,790 35 548 396,000
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SHELOCKUM LAKE OUTLET AT BAILEY BAY.

Locamon.—In latitude 56° 00’ N., longitude 131° 36’ W., on mainland near outlet of
Shelockum Lake, three-fourths mile by Forest Service trail from tidewater at
north end of Bailey Bay and 52 miles by water north of Ketchikan. !

DRAINAGE AREA.—18 square miles (measured on sheets Nos. 5 and 8 of the Alagka
.Boundary Tribunal, edition of 1895).

REcorRDS AvAILABLE.—June 1, 1915, to October 31, 1919. (Gage-height graph, De-
cember 8-31, 1919, could not be removed from recorder, because of ice in bay,
in time for inclusion in this bulletin.)

GacE.—Stevens continuous water-stage recorder on right shore of lake, 250 feet above
outlet. Gage house was pushed off the well by a snowslide January 4, 1917.
Gage not put into operation again until May 23, 1917.

DiscrARGE MEASUREMENTS.—Made from cable across outlet of lake, 200 feet below
gage and 50 feet upstream from crest of falls.

CuANNEL AND cONTROL.—Qpposite the gage the lake is 600 feet wide; at the outlet
bedrock is exposed and the water makes a nearly perpendicular fall of 150 feet.
This fall formg an excellent and permanent control for the gage. At extremely
high stages the lake hasanother outlet about 200 feet to left.of main outlet. Point
of zero flow is at gage height 0.6 foot.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year occurred, prob-
ably, on December 13; minimum discharge (estimated from hydrograph for Fish
Creek to have occurred March 21), 8 second-feet. ) o

1915-1919: Maximum stage, 6.84 feet at 8 a. m. November 1, 1917 (discharge,
2,780 second-feet); minimum discharge, estimated from climatic records, 2.5
second-feet, January 31, 1917.
Ice.—Stage-discharge relation not affected by ice.
Accuracy.—Stage-discharge relation permanent. Rating curve well defined. Oper-
. ation of water-stage recorder satisfactory except for periods of break in record
shown in the footnote to daily-discharge table. Daily discharge ascertained by
applying to the rating table mean daily gage height detexmined by inspection of
gage-height graph, or, for days of considerable fluctuation, by averaging results
obtained by applying to rating table mean gage heights for regular intervals of |
day. Records excellent, except for periods of break in record, for which they -
are fair,

Shelockum YLake, at an elevation of 344 feet, covers only 350 acres. The drainage
basin above the lake is rough, precipitous, and covered with little soil or vegetation.
There are no glaciers or ice fields at the source of the tributary streams. Therefore,
because of little natural storage, the run-off after a heavy rainfall is rapid and not well
sustained, and during a dry summer or winter the flow becomes very low. The large
amount of snow that accumulates on the drainage basin during the winter maintains

“a good flow in May and June.
The following discharge measurement was made by G. H. Canfield:
March 4, 1919: Gage height, 1.14 feet; discharge, 15 second-feet.



156 MINERAL RESOURCES OF ALASKA, 1919,

.

Daily discharge, in. seéond;feet, 0 f Shelockum Lake outlet at Bailey Bay for 1919.

Day. Jan. Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept
220 220 250 172 95
190 252 241 168 71
164 350 245 162 64
150 392 363 160 %)
160 336 490 164 50
210 311 407 164 48
237 292 336 156 45
363 292 292 145 42
350 308 271 137 39
275 304 275 132 40
241 301 270 | 119 48
263 299 287 110 65
252 294 363 100 156
311 292 392 123 176
490 287 363 184 141
392 282 311 392 110
311 280 287 455 453
2091 - 287 275 316 1,180
422 336 252 287 860
378 508 237 660 472
311 508 226 455 407
287 407 216 275 525
283 407 204 180 311
378 | 369 206 132 220
363 306 216 102 |........
311 275 210 84 .. ...
287 277 210 i P
263 275 210 (-3 P
252 273 208 (3 P
241 259 196 100 1........
230 [.oonnnnn 180 140 |........

Norte.—Discharge for follywine periods estimated, because of unsatisfactory overation of water-stage
recorder, from maximum and minimum stages indicated by recorderand by comnarison with hydrographs
for other stations: Jan. 9-19, 115 second-fect; Feb 1-28, 45 second-feet; Mar. 1-3, 20 second-feet; Mar. 16-31,
75second-feet; Apr. 1-25, 220second-feet: Aug. 28 to Sept. 1, daily discharge as shownin table; Sept. 25-30,

110 second-feet; and Oct. 1-31, 200 second-feet.

Monthly discharge of Shelockum Lake outlet at Batley Bay for 1919.

Discharge in second-feet.

Run-off in
Month, . . acre-feet.
Maximum. | Minimum. | Mean.

JANUATY © o ettt e e s 8,920
February.. 2,500
March. ... 2,940
April... 15, 400
Veeeu-n- 17,700
June...... 19,000
July...... 16,800
August..... 11,900
September. . .. 12, 600
(076174 7<) 12,300
The period 120,000
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KARTA RIVER AT KARTA BAY, PRINCE OF WALES ISLAND.

Locarion.—In latitude 55° 34/ N., longitude 132° 377 W., at head of Karta Bay,
an arm of Kasaan Bay, on east coast of Prince of Wales Island, 42 miles by water
across Clarence Strait from Ketchikan.

DRAINAGE AREA.—49.5 square miles (U. S. Forest Service reconnaissance map of
Prince of Wales Island, 1914). -

RECORDS AVAILABLE.—July 1, 1915, to December 31, 1919.

-GAGE.—Stevens continuous ‘water-stage recorder on left bank, half a mile above
tidewater, at head of Karta Bay and 14 miles below outlet of Little Salmon Lake.
Two per cent of total drainage of Karta River enters between outlet of lake and

* gage.

DiSCHARGE MEASUREMENTS.—At medium and high stages made from cable across
river 50 feet upstream from gage; at low stages by wading at cable section.

CHANNEL AND CONTROL.—From Little Salmon Lake, 14 miles from tidewater, the
river descends 105 feet in a series of rapids in a wide, shallow channel, the banks
of which are low but do not overflow. The bed is of coarse gravel and boulders;
rock crops out only at outlet of lake. Gage and cable-are at a pool of still water
formed by a riffle of coarse gravel that makes a well-defined and permanent
control.

EXTREMES OF DISCHARGE.—Maximum stage during the year from water-stage recorder,
4.75 feet estimated to have occurred December 18 (discharge, from extension of
rating curve, 3,900 second-feet); minimum stage, 0.85 foot, March' 19 (discharge, .
54 second-feet).

1915-1919: Maximum stage, 5.5 feet November 1, 1917 (discharge, 5,070 second-
feet); minimum flow, 21 second-feet, February 11, 1916.

Accuracy —Stage—dlscharge relation permanent. Rating curve well defined between
80 and 1,500 second-feet; extended helow 80 second-feet to the point of zero
flow and above 1,500 second-feet by estimation. Operation of water-stage
recorder satisfactory except for periods indicated by breaks in record as shown in
footnote to daily-discharge table. Daily discharge ascertained by applying to
rating table mean daily gage height determined by inspecting gage-height graph,
or, for days of considerable fluctuation, by averaging results obtained by applying
gdge heights for regular intervals to rating table. Records excellent except for

_ periods of breaks in record, for period affected by ice, and for discharge above
1,500 second-feet, for which they are fair.

The combined area of Little Salmon Lake at elevation 105 feet and Salmon Lake
at elevation 110 feet is 1,600 acres. The slopes along the right shore of lakes and at
head of Salmon Lake are gentle, and the area included by the 250-foot contour above
lake outlet is 5,500 acres. The drainage area to elevation 2,000 feet is heavily covered
with timber and dense undergrowth of ferns, brush, and alders. The upper parts
of the mountains are covered with thin soil and brush. Only a few peaks at an eleva-
tion of 3,500 feet are bare. This large lake and flat area and thick vegetal cover
afford considerable natural storage, which, after heavy precipitation, maintains a
good run-off. The snow usually melts by the end of June, and the run-off becomes
very low during a dry, hot summer.

The Forest Service in the summer of 1916 constructed a pack trail from tidewater
to outlet of Little Salmon Lake.

The following discharge measurement was made by G. H. Canfield:

March 6, 1919: Gage height, 0.98 foot; discharge, 85 second-feet.
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Daily discharge, in second-feet; of Kartg River at Karta Bay for 1919.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. [ Aug. | Sept. | Oct. | Nov.’| Dec.
566 402 238 115 88 160 302 }.......
474 428 229 109 88 142 290 caus
402 441 233 103 83 152 238 [.ooen..
356 448 320 97 76 197 215 (...

. 356 448 350 94 7 220 172 |.......
402 422 338 91 69 248 1624.. ...
480 389 308 88 64 448 128 §.......
572 338 314 88 58 515 125 |........
565 344 314 88 58 448 145 |.......
558 395 308 86 56 550 152 |...:...
773 378 298 83 56 572 145 |.......
714 350 308 78 56 529 135 .......
633 338 314 78 60 T R D,
799 332 338 76 69 363 {......: .
925 332 338 78 69 290 f.oiciiijenannnn
943| 320 34| m5| 7| a2ss|.....f......
826 | , 302 285 164 164 215 | oiii e
782 296 269 176 | 1,050 210 [.cieennfennnnnn

1,170 338 243 238 | 1,420 382 |.iicilennnnn.

1,330 | 382 233| 415]1,070| 515|....... 1,270

1,080 389 215 320 808 529 |....... 790
782 396 206 308 853 515 |....... 756
633 382 197 238 681 434 |....... 1,100
826 363 180 192 515 350 |....... 1,060

1,000 | 338| 172| 156| 428{ 290 |..liil- 1,470
826 344 160 132 350 238 |....... 2,240
665 | 326| 149 112| 290 215]....... 1,760
550 302 142 100 238 238 | ... ,230
494 280 135 94 206 215)....... 808
467 254 128 91 180 215 |....... 580
428 |....... 121 97 |eneees 302 |....... 454

Note.—Discharge estimated for following periods, because of unsatisfactory operation of water-stage
recorder,from maximum and minimum stages indicated by recorder and by comparison with hydrographs
for other stations: Jan, 1-13, 1,300 second-feet; Feb. 27-28, 135 second-feet; Mar. 1-5, 100 second-feet; Nov.
13-30, 800 second-feet; Dec. 1-14, 90 second-feet; and Dec. 15-19, 1,500 second-feet.

Monthly discharge of Karta River at Karta Bay for 1919.

Discharge in second-feet.
Run-off in
Month. . acre-feet.
Maximum, | Minimum. | Mecan.
00 1120 PR R (R 176 695 42,700
February..... 522 121 243 13, 500
March......... 1,230 54 172 10,600
April.......... 1,700 344 691 41,100
May 1,330 356 690 42,400
June. 448 254 360 21,400
July 350 | 121 248 15,200
August........ 415 76 140 8,610
September. ... 1,420 56 312 18,600
1(\}etober6 ...... 572 142 ggg gg,%
1501 o PR PR

December. ... 719 44,200
L TR RPN ORI FORPPPRN 54 431 312,000




‘< !

WATER-POWER INVESTIGATIONS IN SOUTHEASTERN ALASKA. 159

CASCADE CREEK AT THOMAS BAY, NEAR PETERSBURG.

Location.—One-fourth mile above tidewater on each shore of south arm of Thomas
Bay; 22 miles by water from Petersburg. One small tributary enters the river
from the left half a mile above gage and 2 miles below lake outlet.

DRAINAGE AREA.—21.4 square miles (measured on the United States Geological
Survey geologic reconnaissance map of the Wrangell mining district, edition of
1907).

Recorps AVAILABLE.—OQctober 27, 1917, to December 31, 1919.

Gace.—Stevens water-stage recorder on left bank, one-fourth mile from udewafer

. reached by trail which leaves beach back of old cabin at mouth of creek.

DISCHARGE MEASUREMENTS.—At medium and high stages, made from log footbridge '

.across stream one-fourth mile upstream from gage; at low stages, made by wading. -

CHANNEL AND coNTROL.—From the outlet of a lake at an elevation of 1,200 feet above
sea level and 3 miles from tidewater the river descends in a continuous series of
rapids and falls through a narrow, deep canyon. Gage is in a protected eddy
above a natural rock weir, which forms a well-defined and permanent control.
The bed of river under the footbridge is rough and the current swiftand irregular,
but this section is the only place on the whole river where even at low and
medium stages there are no boils and eddies.

EXTREMES OF DISCHARGE.—Maximum stage during year from water—stage recorder
7.0 feet at 10 p. m. September 21 (discharge, from extension of rating curve,
1,570 second-feet); minimum discharge, 20 second-feet, estimated from climatic
data and record of flow of Sweetheart Falls Creek.

1917-1919: Maximum stage, 7.65 feet at 11 p. m. November 18, 1917 (discharge
computed from extension of rating curve, 1,980 second-feet); minimum stage
0.80 foot about April 6, 1918 (discharge, 17 second-feet).

Ice.—Stage-discharge relation affected by ice for short periods.

Accuracy.—Stage-discharge relation permanent. Rating curve well defined below
1,200 second-feet. Operation of water-stage recorder satisfactory except for
periods indicated in footnote to daily-discharge table. Daily discharge ascer-
tained by applying to rating table mean daily gage height determined by inspect-
ing gage-height graph, or, for days of considerable fluctuation, by averaging dis-
charge for equal intervals of day. Records good except for periods when recorder
did not operate satisfactorily, for which they are fair.

g

The first site on this stream for a storage reservior is at a small lake 3 miles from
tidewater, at an elevation of 1,200 feet above sea level. The drainage area above the
gaging station is 21 square miles and above the lake outlet 17 square miles. Flow
during summer is augmented by melting ice from glaciers on upper portion of drainage
area.

No discharge measurements were made at this station during the year.
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Daily discharge, in second-feet, of Cascade Creek at Thomas Bay for 1919.

Day. Feb. | Mar. | Apr. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
380 518 250 148 86 57
380 485 200 150 76 54
395 470 167 532 68 51
485 470 153 890 63 49
518 518 153 890 57 46
535 500 150 | 1,110 54 44
518 440 160 | 1,040 50 42
470 4 183 | 658 48 40

500 455 518 270 42 f........
535 455 570 200 54 ...
570 710 588 160 59 ...,

570 342 |........

Norte.—Discharge for following periods estimated, Lecause of ice effect or unsatisfactory operation of
water-stagerecorder, from hydrograph drawn by comparison with that for Sweetheart Falls Creek through
maximum and minimum stagesindicated by recorder: Jan.1-13,161 second-feet: Feb. 1-13, 30 second-feet;
Feb. 26-28, daily discharge; Mar. 1-28, 24 second-feet; Apr. 12-30, 90 second-feet; May 1-31, 155 second-feet;
June 1-2, daily discharge; Dec. 9-15, 38 second-feet; and Dec. 16-31, 100 second-feet. .

- Monthly discharge of Cascade Creek at Thomas Bay for 1919.

Discharge in second-feet.
L]

Moun, - v e

Maximum. | Minimum. | Mean.
.......................................................................... 161 9,900
"""""""""" @ ool I B
I e 38 1;%:6 31530
e 60571 TTTTTLAST 322 19,200
............. 640 355 476 29,300
FUSteeennnnn.- 1,320 330 571 35,100
September...... ‘ 1,140 150 487 29,000
October........... . 1,110 92 334 20,500
November........ 342 42 102 6,070
December. . .ceuvenninii e F R P 72.5 4,460

RO FOAT .+« - een e ee e e e e aens 1,320 ‘ 22 i 236 171,000
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GREEN LAKE OUTLET AT SILVER BAY, NEAR SITKA.

Locarion.—In latitude 56° 59’ N., longitude 135° 5’ W., at outlet of Green Lake,
head of Silver Bay, 104 miles by water south of Sitka. o

DrAINAGE AREA.—Not measured.

RECORDS AVAILABLE.—August 22, 1915, to December 31, 1919.

Gace.—Stevens water-stage recorder on right bank, at outlet of lake, reached by trail
which leaves the beach one-fourth mile north of mouth of stream, ascends a
600-foot ridge, and then drops down to the outlet of the lake. Gage datum low-
ered 1 foot December 27, 1916.

DiscHARGE MEASUREMENTS.—Made from cable across outlet 30 feet below gage.

CHANNEL AND CONTROL.—From Green Lake, 240 feet above sea level and 1,800 feet
from tidewater, the stream descends in a series of falls and rapids through a narrow
canyon whose exposed rock walls rise vertically more than 100 feet.

ExTREMES OF DISCHARGE.—Maximum stage during year, 12.4 feet, probably on Oc-
tober 6, estimated frora vertical line traced by recording pencil while clock of
recorder did not run (discharge, estimated from extension of rating curve, 3,000
gsecond-feet); minimum stage recorded, —0.05 foot March 27-29 (discharge, 10
second-feet).

1915-1919: Maximum stage recorded, 13.0 feet September 26, 1918 (discharge,
estimated from extension of rating curve, 3,300 second-feet), minimum stage
recorded, —0.05 foot March 27-29, 1919 (discharge, 10 second-feet).

Ice.—Ice forms on lake and at gage, but because of current and flow of relatively
warm weather from the lake the control remains open.

Accuracy.—Stage-discharge relation permanent. Rating curve well defined between
10 and 1,300 second-feet. Operation of water-stage recorder satisfactory except
for perlods indicated by breaks in record, as shown in the footnote to the daily-
discharge table. Daily discharge ascertained by applying to the rating table
mean daily gage height, determined by 1nspect1ng gage-height graph, or, for
days of considerable fluctation, by-averaging results obtained by applymg to
rating table gage heights for regular intervals of day. Records good except
those for periods when gage was not operating satisfactorily, which aré fair.

In the fall and winter the flow is low because there is little ground storage, and on
most of the drainage area the precipitation is in the form of snow.. This accumulated
snow produces a large run-off during the spring, and the melting ice from the glacier
and the ice-capped mountains augments the run-off from precipitation during the
summer. The area of Green Lake is estimated to be about 175 acres. 3

The discharge measurements were made at the station during the year.

3 Supersedes figure published in U. 8. Geol. Survey Bulls, 662, 692, and 712,
7230°—21—Bull, 714—11
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Daily discharge, in second-feet, of Green Lake outlet at Silver Bay for 1919.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Oct. | Nov. | Deec.

70 44 16 147 138 172 303 [........ 66

142 43 16 164 114 212 354 [..unn... 60

188 40 15 140 100 233 461 |..c.on.. 60

144 40 |eeeunene 132 97 233 620 [........ 60

173 38 [ceeerenn 130 102 212 673 |........ 57
[ 713 38 126 124 |- 206
Teeaaaannn 1,580 38 100 206 200
T 820 34 85 286 194
[ IR 568 36 79 204 240
10.......... 557 42 76 226 286
B ) 480 48 73 337 380
) I 226 43 73 182 328
13..cineenn. 177 38 76 247 354
4., 138 38 76 312 312
15, ceiannens 122 33 70 470 286
16.ceeen... 107 32 67 442 312
17 . 92 37 66 490 362
b 80 42 303 37
19.......... 73 58 134 397 490
.......... 67 59 156 528 652
66 48 18 142 408 547
67 40 18 116 262 588
67 36 16 107 212 620
61 30 14 126 226 508
59 27 12 154 303 499
55 24 11 240 240 452
55 18 10 294 194 415
53 18 10 219 168 415
60 |eeueennn 10 168 162 388
L1 P 12 155 164 346
151 3 PO 30 |euennn. 166 |........

Nore.—Discharge for following periods extimated, because of unsatisfactory operation of water-stage
recorder, by comparison with hydrographs for other stations: Mar. 3, 15 second-feet and Mar. 4-19, 15
second-feet, from maximum and minimum stages indicated by recorder and by comparison with record
of flow for Sweetheart Falls Creek: Aug. 1-14, 500 second-feet; Aug. 24-31, 385 second-feet; Sept. 1-30, 500
second-feet; and Oct. 1-18, 500 second-feet; from maximum and minimum stages indicated by recorder
and by comparison with climatic data for Juneau and hydrographs of other stations: Oct. 28-31, 155 second-
feet; Nov. 1-29, 185 second-foet; and Dec. 16-31, 200 second-feet.

Monthly discharge of Green Lake outlet at Silver Bay for 1919.

Discharge in second-feet.

Run-off in
Month, acre-feet.
Maximum. | Minimum. { Mean.

JLE:5 5 L 231 14,200
February............ . 37.9 2,100
March . 14.8 910
April... 126 7,500
ng.. . 255 15,700
June... 358 21,300
July... 488 30,000
August. 452 27,800
September 500 29, 800
October 392 24,100
November....... oefe- - 181 10, 800
DECRIMDOT. o ettt it at ettt 128 7,870
B0 T R 265 192, 000
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BARANOF LAKE OUTLET AT BARANOF, BARANOF ISLAND. N

Locartion.—In latitude 57° & N., longitude 134° 54/ W., at townsite of Baranof, at
head of Warm Spring Bay, east coast of Baranof Island, 18 miles east of Sitka
acrossisland but 96 miles from Sitka by water through Penl Strait.

DRAINAGE AREA.—Not measured.

RECORDS AVAILABLE.—June 28, 1915, to December 31 1919.

Gace.—Stevens water-stage recorder on right bank 700 feet below Baranof Lake and
800 feet above tidewater at head of Warm Spring Bay.

DisCHARGE MEASUREMENTS.—At medium and high stages, from cable across stream
100 feet below lake and 600 feet above gage; at low stages, by wading 100 feet
below cable.

CHANNEL AND CONTROL.—From Baranof Lake, at elevation 130 feet above sea level
and 1,500 feet from tidewater, the stream descends in a series of rapids and small
falls and enters the bay in a cascade of about 100 feet concentrated fall. The
bed is of glacial drift, boulders, and rock outcrop. The gage is in an eddy 50
_ feet downstream from the foot of a small fall and 100 feet upstream from a riffle
" which forms a well-defined control.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 4.78 feetat3p. m.,
October 6 (discharge, computed from an extension of rating curve, 2,610 second-
feet); minimum flow, estimated by comparison with record of flow for Green
Lake outlet, 20 second-feet, March 27-29.

1915-1919: Maximum stage recorded dwing period, 5.3 feet August 10, 1915
(discharge, computed from extension of rating curve, 3,350 second-feet); mini-
mum flow, estimated, 20 second-feet, March 27-29, 1919. '

Ice.—Because of the swift current and flow of relatively warm water from the lake
the stream remains open.

Diversions.—The flume to Olsen’s sawmill diverts from the stream 200 feet below
gage only sufficient water to operate a 25-horsepower Pelton water wheel.

Accuracy.—Stage-dischaige relation permanent, not affected by ice. Rating curve
well defined below 2,000 second-feet. Operation of water-stage recorder satis- -
factory except for periods indicated in footnote to daily-discharge table. Daily
discharge ascertained by applying to rating table mean daily gage height deter-
mined by inspecting gage-height graph, or, for days of considerable fluctuation,
by averaging discharge for equal intervals of day. Records good except for
periods when recorder did not operate satisfactorily and for periods when water
was frozen in well, for which they are roughly approximate. .

The drainage area is rough and precipitous, and the vegetable and soﬂ cover is thin,
even on the foothills of the mountains. The run-off is rapid, and the ground storage
issmall. During a hot, dry period, however, the flow is greatly augmented by melt-
ing ice from several small glaciers and ice-capped mountains.

No discharge measurements were made at this station during the year.
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Daily discharge, in second-feet, of Baranof Lake outlet at Baranof for 1919.

Day. Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov
. Ay
.. 255 392
2 222 221
3 197 285
4.. 187 261
5.. 191 252
6.. 225 252
7 297 264
8 380 300
9.. 420 424
10.. 460 615
11.. 788 590
12 695 640
13 545 1,940
14.. 725 1,650
15.. 970 1,010
16.. 820 755
17.. 615 890
18.. 590 1,330
19.. 695 1,050
20.. 788 788
21.. 640 1,540
22 522 1,430
23 464 855
24 590 1,010
2. 615 1,380
26.. 484 820 820
27.. 404 788 545
28 356 788 420
29, 342 755 352
30 348 668 321
31.. 366 [.oceneoiferaanann 500 [........

Note.—Diseharge for following periods estimated, because of unsatisfactory operation of gage, by com-
parison with record for Green Lake outlet: Jan. 1-31, 280 second-feet; Feb. 1-28, 60 second-feet; Mar. 1-31,
30second-feet; Apr. 1-16, 170 second-feet. Discharge for following periods estimated by comparison with
record for Sweetheart Falls Creek: June 3-4, 450 second-feet; July 22-31, 825 second-feet; Aug. 1-28, 770
second-feet. Following periods estimated from maximum and minimum stages shown by gage and by
comparison with recordsfor other stations: Nov. 9-30, 210second-feet; Dec. 1-15, 55 second-feet; Dec.16-31,

215 second-feet.

Monthly discharge of Baranof Lake outlet at Baranof for 1919.

Discharge in second-feet.
Run-off in
Month. acre-feet,
Maximum. | Minimum. [ Mean .
UL £ LG 0O P FO 280 17,200
0100 1 7B ) G S DR 60 3,330
3 (1 (T 30 1,840
7 o | O R 210 12,500
May. - 970 187 490 30,100
June. 930 396 649 38,600
5 Y 827 50,800
7. X 1T MY DO PO 750 46,100
September. . 1,940 252 756 45,000
October. ... 2,320 183 | 575 35,400
November. . ... e e 184 10,900
LTV 11T I PO PPN 138 8,480
B Y USRI RS AU 415 300,000
\
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SWEETHEART FALLS CREEK NEAR SNETTISHAM.

Location.—In latitude 57° 564/ N., longitude 133° 41/ W, on east shore 1 mile from
head of south arm of Port Snettisham, 3 miles south of mouth of Whiting River, 7
miles by water from Snettisham, and 42 miles by water from Juneau. No large
tributaries enter river between go~ing station and outlet of large lake, 24 miles
upstream. .

DRAINAGE AREA.—27 square miles (measured on United States Geological Survey
topographic map of the Juneau gold belt, edition of 1905).

REcorps avamasLe.—July 31, 1915, to March 81, 1917; May 21, 1918, to December
31, 1919.

Gace.—Stevens water-stage recorder on right bank, 300 feet upstream from tidewater
on east shore of Port Snettisham. Gage washed out in November, 1917, and
record from April 20, 1917, lost with gage. New Stevens water-stage recorder
installed May 21, 1918, at same datum and at approximate location of old gage.

Di1scHARGE MEASUREMENTS.—At medium and high stages, made from cable across
river one-fourth mile upstream from gage; at low stages, made by wading in
channel at mouth of creek exposed at low tide,

CHANNEL AND cONTROL.—From the outlet of the lake at an elevation of 520 feet above
sea level and 2} miles from tidewater the water descends in a series of rapids and
falls through a narrow, deep canyon. Gage isin a pool at foot of two falls, each
25 feet high, which are known as Sweetheart Falls; outlet of pool is a natural rock
weir, which forms a well-defined and permanent control for gage.

- EXTREMES OF DISCHARGE.—Maximum stage during year from water-stage recorder,
6.0 feet at 10 p. m. October 6 (discharge computed from extension of rating curve,
2,260 second-feet); minimum stage, 0.15 foot 12 a. m. March 29 (discharge, 28
second-feet).

1915-1919 (except for period of no record): Maximum stage recorded, 7.15 feet

. at midnight, September 26, 1918 (discharge, computed from an extension of the

rating curve, 2,880 second-feet); minimum flow, estimated from discharge measure-
ment and climatic data, 15 second-feet February 11, 1916. .

Ice.—Stage-discharge relation affected by ice only for short periods during extremely
cold weather. ‘

Accuracy.—Stage-discharge relation permanent. Rating curve well defined between
40 and 1,300 second-feet; extended beyond these limits by estimation. Opera-
tion of water-stage recorder satisfactory except for periods shown in footnote to
daily-discharge table. Daily discharge ascertained by applying to rating table
mean daily gage height determined by inspecting gage-height graph, or, for days
of considerable fluctuation, by averaging results obtained by applying to rating
table gage heights for regular intervals of day. Records excellent except for
periods of ice effect or break in record and for discharge above 1,300 second-feet,
for which they are fair.

In the fall and winter the run-off is small because the precipitation is in the form of
snow, and because of the small amount of ground storage; during a hot, dry period the
low run-off from the ground and lake stage is augmented by melting ice from one
glacier. '

The following discharge measurement was made by G. H. Canfield:

JFebruary 16, 1919: Gage height, 0.35 foot; discharge, 48 second-feet.
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Daily discharge, in second-feet, of Sweetheart Falls Creek near Snettisham Jor 1919.

Day. Jan, { Feb. | Mar. | Apr. | May, | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.

41 98 199 351 545 565 435 216 113 70
41 90 176 428 505 525 348 418 102 66
42 90 164 | 449 525 470 2851 1,120 90 62
50 141 159 424 585 525 240 | 1,280 84 58
60 141 164 382 705 605 216 | 2,010 79 57
60 119 183 365 865 565 202 | 2,010 74 54

4214....... 309 [....... 745 625 |....... 125 |....... 133

NotE.—Daily discharge for following periods estimated by comparison with hydrograph for Cascade
Creek, because stage-discharge relation was affected by ice or because of unsatisfactory operation of water-
stage recorder: Jan. 5-8, Feb. 27 to Mar. 5, Apr. 1-7, and Dec. 10-12, :

Monthly discha}ge of Sweetheart Falls Creek near Snettisham for 1919,

. Discharge in second-feet,
Run-off in
Month, acre-feet.
Maximum. | Minimum. | Mean.
945 74| 256 15,700
82 43 53.9 1
60 29 42.2 2,500
400 82 147 8,750
645 159 342 21,000
785 324 535 31,800
865 488 613 37,700
968 324 577 y
1,170 196 604 35,900
2,010 125 489 30,100
488 60| 154 9,160
435 39 136 8,360
2,010 29 331 240,000

CRATER LAKE OUTLET AT SPEEL RIVER, PORT SNETTISHAM.

LocaTtion.—At outlet of Crater Lake, 1 mile upstream from edge of tide flats at head of
north arm of Port Snettisham, 2 miles by trail from cabins of Speel River project,
which are 42 miles by water from Juneau.

DrAINAGE AREA.—11.9 square miles above water-stage recorder at lake outlet, and 13
square miles above staff gage at beach (measured on topographic maps of the
Alaska Boundary Tribunal, edition of 1895).

RECORDS AvAmLABLE.—January 23, 1913, to December 31, 1919,
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Gage.~—Stevens water-stage recorder on left shore of lake 100 feet upstream from
outlet. A locally made water-gtage recorder having a natural vertical scale and a '
time scale of 7 inches to 24 hours was used until replaced by Stevens gage June

- 29, 1916. The gage datum remained the same during the period. . During the
winter, because of inaccessible location and deep snow, the operation of the gage
at the lake was discontinued, and thestage read at staff gage in channel exposed
at low tide at beach. The first gage at beach was set at an unknown datum and
washed out in winter of 1915-16. Another staff gage was set at about the same
location November 24, 1916. Other staff gages were set at about the same location
January 11 and November 13, 1918.

DiscHARGE MEASUREMENTS.—Made from cable across outlet of lake, 100 feet down-
stream from gage and 10 feet upstream from crest of first falls. The rope sling
from which discharge measurements were first made was replaced in fall of 1915
by a standard U. S. Geological Survey gaging car, making more reliable measure-
ments possible.

CHANNEL AND coNTROL.—The gage is on left shore of lake, 100 feet upstream from
outlet, where the stream becomes constricted into a narrow channel, the bed of
which is composed of large boulders and rock outcrops that form a well-deﬁned
and permanent control.

EXTREMES OF DISCHARGE.—1913-1919: Maximum stage occurred, probably, on
September 26, 1918 (discharge, 2,300 second-feet, estimated by multiplying
maximum discharge at Long River on September 27, 1918, by 0.44, which is the
ratio between the maximum discharges of Crater Lake outlet and Long River on
August 19 and 20, 1917; minimum discharge, 5 second-feet, February 1-13, 1916,
estimated from one discharge measurement and by comparison with climatic
data, and February 13, 1919.

Accuracy.—Stage-discharge relation permanent. Rating curve defined by 19 dis-
- charge measurements, 13 of which were made by employees of the Speel River

Project (Inc.) and 6 by an engineer of the United States Geological Survey, and
is well defined below and extended above 1,000 second-feet. Rating curve used
January 1 to February 10 for staff gage at beach fairly well defined. Operation
of water-stage recorder satisfactory except for July 1-8, when gage clock was run
down; gage-height graph August 6 to October 8 lost, when skiff capsized with
G. H. Canfield, October 8. Discharge record January 1 to February 10 com-
puted from gage-height record for staff gage at beach. Daily discharge May 23 to
August 5 ascertained by applying to rating table daily gage height determined by
inspecting gage-height graph, or for days of considerable fluctuation, by averaging
results obtained by applying to rating table mean gage heights for regular inter-
vals of the day.

Crater Lake is 1,010 feet above sea level and covers 1.1 square miles. The sides of
the mountains surrounding the lake are steep and barren, and the tops are covered
by glaciers.

Discharge measurements of Crater Lake outlet at Speel River, Port Snettisham, during
. 1918.

[Made by G. H. Canfield.]

Gage Dis- . Gage | Dis-
Date. height. | charge. || D8t height. | charge.
Feet. | Sec.-jt. o Feet. | Sec.-jt.
NE:Y o TR0 R D al,22 127 Apr. 9. oo a,74 32
Feb.16..|eeecieennnnnnn.. PO 6,58 10.1 || Dec. 4. ]ecienmeiiciineiinaien]eniaanan 14.6

a Referred to staff gage at beach, installed Nov. 13, 1918.
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Daily discharge, in second-feet, of Crater Lake outlet at Speel River, Port Snettisham, for
1919. '

Day. Jan. | Feb. | May. | June. | July. | Aug. | Oct. | Nov.
105 272 532 |........ 93
120 265 472 ........
150 261 429 |........ 78
156 272 418 |........ 69
146 304 Y2 P D,
129 £1020 PN R PN
126 51020 (RN U DO
129 L2570 P N P,
142 443 1........ 402 |........
174 472 ... 203 f........
205 457 |........ 221 32
221 416 |........ 189 31
214 472 [........ 161 30
200 532 [........ 139 36
191 502 [........ 122 42
189 402 |........ 113 87
198 338 [..oennn 112 103
200 316 [........ 118 293
207 316 |........ 164 350
237 327 |........ 356 321
304 375 {..enn.. 422 362
304 375 . oaeentn 304 251
304 375 |........ 212 178
304 375 {.cennn. 161 132
304 350 [...on.nn 134 108
316 375 [coonann. 116 92
350 429 (........ 13 |........
316 547 j........ mf........
1538 282 675 [........ 102 |........
34 |........ 100 275 728 ........ 101 |........
32 ........ 100 |........ 610 |........ 98 |........

NotE.—Discharge for following periods, for which gage-height records are not available, estimated from
records for Sweetheart Falls Creek: Jan. 10, 20, 30, and Feb. 11, daily discharge: Feb. 17-28, 15 second-
feet; Mar. 1-31, 12 second-feet; Apr.1-30, 47 second-feet; May 1-22, 118 second-feet: July 1-8, daily dis-
charge; Aug. 6-31, 520 second-feet; Sept. 1-30, 420 second-feet; Oct. 1-8, 470 second-feet; Nov. 5-10, 25
second-feet; Nov. 27-30, 25 second-feet; and Dec. 1-31, 30 second-feet.

Monthly discharge of Crater Lake outlet at Speel River, Port Snettisham, for 1919.

. Discharge in sccond-feet.
. Run-off in
Month. acre-feet.
Maximum. | Minimum. | Mean,

LS TS o 200 26 , 68.4 4,210
February... 35 5 14.6 &11
March. ..o e s 12 : 738
April. . 47 2,800
3 118 7,260
June........ 350 105 217 12,900
July........ 728 261 417 25, 600
AUGUSE..oie e 511 31,400
September..... ... i e 420 25,000
L8] - o P 98 259 15,900
November. . 362 |.oeiaiaaa. 101 6,010
LTV 111 1<) PPN R PR F R 30 1,840
The Year. . ....ccuumieitoniiiiiiaeciieeeieeeesiiieieean [ 7 PO 134,000
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LONG RIVER BELOW SECOND: LAKE, AT PORT SNETTISHAM.

LocaTioN.—One-half mile downstream from outlet of Second Lake, 1 mile down-
stream from outlet of Long Lake, one-half mile upstream from head of Indian
Lake, 2} miles by trail and boat across Second Lake from cabins of the Speel
River project at head of the North Arm of Port Snettisham, 42 miles by water
from Juneau.

DRAINAGE AREA.—33.2 square miles (measured on sheet No. 12 of the Alaska Bound-
ary Tribunal maps, edition of 1895).

RECORDS AvAmLABLE.—November 11, 1915, to December 31, 1919.

Gage.—Stevens continuous water-stage recorder on right bank one-half mile below
outlet of Second Lake.

DISCHARGE MEASUREMENTS.—At medium and high stages made from cable across
river at gage; at low stages made by wading one-fourth mile downstream. .

CHANNEL AND CONTROL.—At% the gage the channel is deep and the current sluggish;
banks are low and are overflowed at extremely high stages; bed smooth except
for one large boulder. A rapid, 500 feet downstream, forms a well-defined and
permanent control. .

EXTREMES OF DISCHARGE.—Maximum stage during year probably occurred October 6,
but stage is unknown as gage-height graph July 9 to October 8 was lost; minimum
flow 35 second-feet, March 29.

1916-1918: Maximum stage, 10.2 feet September 27, 1918 (discharge, estimated
from extension of rating curve, 5,300 second-feet); minimum flow, 23 second-feet,
February 13, 1916.

Ice.—Stage-discharge relatlon affected by ice during January, February, March, and
April.

Accuracy.—Stage-discharge relation permanent affected by ice or poor connection
between well and river January 16 to February 27, March 6 to April 2, April 9-15,
November 1-14, and December 4. Rating curve fairly well deﬁned between
50 and 400 second-feet and well defined between 400 and 2,000 second-feet.
Operation of water-stage recorder satisfactory except for periods indicated in
footnote to daily-discharge table. Gage-height graph July 9 to October 8, lost
on October 8, when skiff capsized with G. H. Canfield. Daily discharge ascer-
tained by applying to the rating table daily gage height determined by inspecting
the gage-height graph. Records good except for stages below 400 second-feet and
periods of break in gage-height record, for which they are roughly approximate.

The area draining to Long River between Long Lake outlet and this station com-
prises only 1.3 square miles, including First Lake and Second Lake. Because this
area is at a low altitude and has no glaciers the run-off per square mile from it is greater
early in the spring but much less in summer than that from the area above Long Lake,
which is partly covered by glaciers.

Discharge measurements of Long River below Second Lake, at Port Snettisham, during 1919.

[Made by G. H. Canfield.]
f

Gage Dis- . Gage Dis-
Date. height. | charge. Date. height.| charge.
Feet. Sec.-Jt. ' Feet. Sec.ft.
Jan 10..... et eeieiaeaecaans 2.40 345 | July 8. oo 4.03 920
6 o) SO S S al.74 88 || DeC.4. it oL 00 63

o Stage of water surface in well; connection between well and river obstructed.
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Daily discharge, in second-feet, of Long River>below Second Lak'e, at Port Snettisham, for
: 1919.

Day. | Jan. | May. | June. | July. | Oct. | Nov. | Dec.

Nom.—Owinﬁ to ice effect or obstruction in connection between gage well and river, discharge was
estimated for fo! owing gan‘.ods from current-meter measurement of Apr. 9 and comparison with weather
records for Juneau and hydrograph of Sweetheart Falls Creek: Jan. 1-9, daily discharge shown in table
Jan. 16-31, 95 second-feet; Feb, 1-28, 55 second-feet; Mar. 1-31, 50 second-feet; Apr. 1-30, 125 second-feet
May 1-21,285 second-feet. Daily discharge, June 25 to July 7 determlned from gage-height %Ia})h drawn
throug%‘:\ maximum amd minimum stages shown by recorder and by com&)arison with graph for Sweet-
heart Falls Creck. Discharge for following gggiods estimated from records for Sweetheart Falls Creek
owing to loss of gage-height record: July 9-31, 900 second-feet; Aug. 1-31, 1,050 second-feet; Sept. 1-30, 1,000
second-feet; Oct. 1-8, 1,070 second-feet. Daléy discharge Nov. 1-14, Dec. 1-3, and mean discharge Nov.
24-30 (125 second-feet) estimated from records for Sweetheart Falls Creek. Mean discharge, Dec. 5-23
(115second-feet), and daily discharge, Dec. 28-31, estimated from maximum and minimum stages shown
by recorder and by comparison with records for Sweetheart Falls Creek.

Monthly discharge of Long River below Second Lake, at Port Snettisham, for 1919.

Discharge in second-feet.
: Run-off in
Month. acre-feet.
Maximum. | Minimum. | Mean.

January. . : 720 . 209 12,900
55 3,050
50 3,070

125 7,
..... 309 19, 000
545 32,400
864 53,100
1,050 64,600
..... 1,000 59,500
526 32,300
192 11,400
December, .. FRN PR 63 128 7,870
BV LT S APPSR AP 424 307, 000
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GRINDSTONE CREEK AT TAKU INLET.

LocaTioN.—On north shore of Taku Inlet, between Point Brshop'a.n_d Point Salisbury,
one-fourth mile west of mouth of Rhine Creek and 11 miles by waterfrom Juneau.
DRAINAGE AREA.—Not measured.
RECORDS AVAILABLE.—May 6, 1916, to December 31, 1919.
Gaae.—Stevens continuous water-stage recorder on left bank, 200 feet from tidewater,
" installed September 16, 1916. " A Vietz seven-day graph water-stage recorder
‘was used May 6 to June 17, 1916.
DISCHARGE MEASUREMENTS,—At all stages made by wadmg either in the channel on
" the beach, which is exposed at low tide, or 100 feet below gage at high tide.
CHANNEL AND CONTROL.—For a distance of one-fourth mile from tidewater the stream
descends in a series of rapids and falls through a narrow, rocky channel. The
gage is at upper end of a turbulent pool between two falls, the lower of which
forms a well-defined control. When gage was installed logs were jammed in
channel near upper end of pool. {

EXTREMES OF DISCHARGE.—Maximum stage during year, from water-stage recorder,
4.2 feet at 5 p. m. October 3 (discharge, estimated from extension of rating curve;
330 second-feet); minimum discharge, 3 second-feet March 16-20, estimated by
comparison with climatic data.

1916-1919: Maximum stage, 6 feet at 7 p. m. September 26, 1918 (discharge,
estimated from an extension of the rating curve, 700 second-feet); minimum
stage, —0.24 foot April 5-7, 1918 (discharge, 2.6 second-feet).

Ice.—Stage-discharge relation sometimes affected by ice.
Accuracy.—Stage-discharge relation permanent. Rating curve, revised by meas-
- urements made during 1919, well defined below 150 second-feet; extended above
150 second-feet by estimation. Operation of water-stage recorder satisfactory -
except for periods shown in the footnote to daily-discharge table. Daily discharge
ascertained by applying to rating table ‘mean daily gage height determined by
inspecting gage-height graph, or, for days of considerable fluctuation, by averag-
ing results obtained by applying to rating table mean gage heights for regularinter-
vals of day. Records good except those for periods of break in record and die-
charge above 150 second-feet, which are poor.

Discharge measurements of Grindstone Creek at Taku Inlet during the year ending Sept
30, 1918.

[Made by G. H. Canfield.]

Gage Dis- Gage Dis-
Date. height. | charge. Date. height. | charge. |
’ Feet. Sec.. -ft. Feet. Sec.-ft.
Jan. 20, cuneiiiieiiiiiiaaen a0.59 L6 || APr.22 ... .ooieiiiiinnnnnns v 0.59 16.0
D RO a .43 LO | July 7. s 171 114
Feb.2l.....ocoiiiis N .15 6 1iDee. 13 oneeeieiiiinnnanens b .40 10.6
Mar.22. ... ieiiiiiiiaeaanan — .05 3.8

a Control partly obstructed by ice. b Ice cover arched over control; no backwater.

\
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) .

Daily discharge, in second-feet, of Grindstone Creek at Taku Inlet for 1919.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
171 10 |« 3.5 19 29 47 52 35
251 951 3.5]. 18 41 45 47 30
19 9.0 3.0 17 61 67 46 26
17 9.0 3.0f. 17 64 69 48 24
19| 801 30 17 55 73 50 24
45| 75| 3.5 18 48 128 46 22
40| 80| 4.0]. 19 42 130 40 22
56 8.0 3.5|. 26 39 92 71 21
38 7.5 3.0 |. 34 44 92 67 48
30 7.5 3.5 30 59 89 48 60
28 7.5 3.5 28 64 80 43 34 15 PO P
24 7.0 3.5 32 56 74 39 34 LY 21 P PN
20 7.01 3.5/. 31 55 79 41 116 41 |....... 11
18 7.0 3.51. 36 52 83 57 69 36 [.enen.- 10
17 7.0} 3.5 44 49 71 50 50 32 |....... 8.0
L
16 7.0 3.0 [cenenn. 48 49 61 51 43 9.5
14 7.0 3.0 [cenenns 43 51 57 43 |.oeeeen 22
11 7.5 3.0/....... 44 50 70 43 |....... 34
11 8.0 3.0 [eenene. 48 51 62 85 |.ueuenn 16
12 7.5 3.0 [.e..... 48 70 62 79 |....... 14
12 7.0 3.5 ]een... 41 71 60 54 |....... 43 f....... 13
14 6.5 4.0 17 38 66 54 45 [iueen.. 32 28 13
11 55 18 34 59 52 7 28 23 15
.1 50 |. 19 37 53 49 34 fouennnn 25 18 16
11 4.5 30 38 54 45 31 [eeenens 24 17 18
11 4.0 [ceeen.. 52 36 70 51 28 80 23 17 27
11 3.5 ....... 43 32 71 59 43 64 27 18 19
10 356...... 34 29 61 64 38 60 24 16 16
28 54 74 61 52 22 15 15
28 49 70 52 45 22 14 16
29 f..o.... 57 43 jeennnnn 21 |....... 16

NOTE .—Discharﬁe for following periods estimated by comparison with records of flow for other stations,
because stage-discharge relation was affected by ice: Jan. 19-25, Feb. 25-28, and Mar. 1-21, as shown in
table. Operation of water-stage recorder not satisfactory for following periods, discharge estimated from
maximum and minimum stafes indicated by recorder and by comparison with records of flow for other
stations: Mar. 22-31, 5 second-feet; Apr. 1-21, 15 second-feet; Sept. 17-25, 120 second-feet; Nov. 4-21, 25
second-feet; and Dec. 7-12, 11 second-feet.

Monthly discharge of Grindstone Creek at Taku Inlet for 1919.

Discharge in second-feet.

Run-off in
Month. - acre-feet.

Maximum. | Minimum. | Mean.

—
O N©

August. ...
September.
October....
November.
BB TiTV7ch 411 T3 8.0
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CARLSON CREEK AT SUNNY COVE.

Location.—At Sunny Cove, on west shore of Taku Inlet, 20 miles by water, from
Juneau.

DRAINAGE AREA.—22.26 square miles (determined by engineering department of
Alaska Gastineau Mining Co. from surveys made by that company).

REecorps AvarLasre.—July 18, 1916, to December 31, 1919.

Gace.—Stevens water-stage recorder on left bank, 2 miles from tidewater; inspected
several times a week by employees of Alaska Gastineau Mining Co.

DiscHARGE MEASUREMENTS.—At high stages, made from cable across river one-half
mile downstream from gage; at medium and low stages, made by wading 500 feet
upstream from gage.

CHANNEL AND CONTROL.—AboVe the gage the stream meanders in one main channel
and several small channels through a flat, sandy basin about a mile long; just
below. the gage the channel contracts and the stream passes over rocky falls that
form a well-defined and permanent control. The point of zero flow is at gage
height —1.5 feet.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 6.75 feet at 4
p. m. September 13 {discharge, from extension of rating curve, 4,440 second-
feet); minimum flow, estimated by comparison Wlth record of flow for Sweetheart
Falls, 15 second-feet, March 28.

1916-1919: Maximum stage, 8.1 feet at 2 p. m. September 26, 1918 (discharge,
computed from extension of rating curve, 6,200 second-feet); minimum flow,
estimated from climatic data and hydrographs for streams in near-by drainage
basins, 10 second-feet, April 1-7, 1918. ‘

Ice.—Stage-discharge relation affected by ice. ’

Accuracy.—Stage-discharge relation permanent. Rating curve well defined between
70 and 2,000 second-feet, extended below 70 second-feet to point of zero flow and
above 2,000 second-feet by estimation. Operation of water-stage recorder satis-
factory except for periods of break in record as indicated in footnote to daily-
discharge table. Daily discharge ascertained by applying to rating table mean
daily gage heights determined by inspecting gage-height graph, or, for days of
considerable fluctuation, by averaging results obtained by applying to rating
table mean gage heights for regular intervals of the day. Records good except
for stages below 70 second-feet and above 2,000 second-feet and for periods of
break in record, for which they are fair.

Drscharge measurements of Carlson Creek at Sunny Cove during 1919.

[Made by G. H. Canfield.)

Gage Dis- Gage Dis-
Date. height. | charge. Date. height. | charge.
Feet. Sec.-ﬂ. Feet. Sec.~ft.
Jan. 23.. . a40 (| Apr. 22.. . —0.30 76
Feb. 21.,. a24 || Aug.12.. 1.70 474
Mar. 22.. a 20 || Dec. 13.. © a33

a Creek covered with thick ice. Measurement made 2 miles below gage; measured discharge reduced
bper cent to obtain flow at gage. .
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Daily discharge, in second-feet, of Carlson Creek at Sunnjy Cove for 1919.

. Day. ‘ May. | June. | July. | Aug. Sept. | Oct. | Dec.

175
137
120
108
102

108
127
128
452

Nore.—Operation of water-stage recorder unsatisfactory and discharge for following periods estimated
from four current-meter measurements, weather records, and hydrographs for other stations: Jan, 1~31,137
second-feet; Feb. 1-28, 28 second-feet; iVIar. 1-31, 20 second-feet; Apr. 1-23, 65 second-feet: Apr. 24-30, 200
second-feet; and May 1-23, 320 second-feet. Juiy 4-23, estimated at 675 second-feet by comparison with
record of flow for Sweetheart Falls Creek. Discharge for following periods estimated by comparison with
records for other stations: Oct. 20-23, daily discharge; Oct. 24-31, 85 second-feet; Nov. 1-30, 130 second-feet;
Dec. 1-12, 45 second-feet; Dec. 14-31, 150 second-feet.

Monthly discharge of Carlson Creek at Sunny Cove for 1919.

Discharge in second-feet.
. Run-off in
Month. acre-feet.
Maximum. | Minimum. | Mean,
3 1L o .. 137 8,420
February 28 1,560
March..... 1,230
April.. 96.5 5,740
ay.. 327 20,100
June.. 581 34,600
July... . 42,300
August.... 38,100
September. 36,700
October-... .. 25,300
November... . R 7,740
December. . ...vueenii it 6,520
The year 228,000
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SHEEP CREEK NEAR THANE.

LocaTioN.—At lower end of flat basin, above diversion dam for flume leading to °
Treadwell power house at beach and 1 mile by tramway and ore railway from
Thane.

DRAINAGE AREA.—4.57 square miles above gaging bridge (measured on United
States Geological Survey map of Juneau and vicinity, edition of 1917).

REecorps AvamaBLE.—July 26, 1916, to December 31, 1919.

Gage.—Stevens water-stage recorder on right bank, at pool formed by an artificial
control just below small island three-tenths mile upstream from diversion dam.
Recorder inspected once a Week by an employee of the Alagka Gastineau
Mining Co.

DISCHARGE MEASUREMENTS.—At extremely high stages, made from gaging bridge
two-tenths mile downstream from gage; at low stages, made by wading near

* bridge section. No streams enter between gage and measuring section, but
seepage inflow ranges from a small amount to 10 per cent of total flow, the per-
centage of inflow usually being large after periods of heavy precipitation.

CHANNEL AND cONTROL.—The station is near the lower end of a flat basin through
which the stream meanders in a channel having low banks and a bed of sand
and gravel. An artificial control was built 2 feet below the intake for the gage
well, to confine the flow in one channel during high water and to insure a per-
manent stage-discharge relation. -The spillway of the control at low stages con-
gists of a timber, 16 feet long, set in the bed of the stream. During medium and
high stages another timber, 8 feet long, bolted at the top near the right end, forms
part of the control. A 3-foot cut-off wall is driven at the upstream face of the
spillway. There are wing walls at each end, and an 8-foot apron extends down-
stream from the control.

Ice.—Control covered with ice and snow for short period.

EXTREMES OF DISCHARGE.—Maximum stage during year, 2.52 feet, at 1 a. m. October
6 (discharge, estimated from extension of rating curve, 490 second-feet) ; minimum
stage, —0.48 foot March 31 to April 2 (discharge, 4.0 second-feet).

1916-1919: Maximum stage during period, 3.5 feet; at 2 p. m. September 26,
1918 (discharge, estimated from extension of rating curve, 820 second-feet);
minimum flow, 1.0 second-foot, April 6-8, 1917.

Accuracy.—Stage-discharge relation, between 0.5 and 1:2 feet, changed January 8.
Rating curve used January 1-8, fairly well defined below 700 second-feet; curve
used January 9 to December 31 fairly well defined. Operation of water-stage
recorder satisfactory except for periods indicated in footnote to daily-discharge
table. Daily discharge ascertained by applying to rating table mean daily gage
height determined by inspecting gage-height graph, or, for days of considerable
fluctuation, by averaging results obtained by applying to rating table mean_gage

-, heights for regular intervals of the day. Records fair.

Discharge measurements of Sheep Creek near Thane during 1919.
[Made by G. H. Cenfield.]

) Gage Dis- Gage Dis-
Date. height. | charge.. Date. height. | charge.
Fect. Sec.-ft. ’ Feet. Sec.-ft,
0.66 18 P 1.00 74
.30 9.0 1.135 105
—.40 4.5 86 43
.65 16 53 13
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Daily discharge, tn second-feet, of Sheep Creek near Thane for 1919.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.

bmw

O WO

19 19
19 22
19 22
19 25
18 23
18
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Nore.—Daily discharge Jan. 10-24 and Mar. 1-5 estimated, because of unsatisfactory operating of gage
by comparison with records for Gold Creek. Dischar%s, for {following periods estimated from maximum
and minimum stagesshown by gage and comparison withrecords of flow for Gold Creek: Mar. 6-19, 5 second-
feet; June 2-3, 80 second-feet; June 8-30, 90 second-feet; Oct. 11-21, 53 second-feet; Nov. 16-20, 60 second-feet;
Nov. 25-30, 22 second-feet; Dec. 1-10, 18 second-feet; Dec. 30 and 31 as shown in table.

Monthly discharge of Sheep Creek near Thane Jor 1919.

Discharge in second-feet.
Month. ' R;;:ge‘tn
Maximum. | Minimum. | Mean.

L3 (0 o PN 75 15 29.6 1,820
February 13 6.6 7.87 437
March... P [ 4.92 303
April... 86 4.0 25.3 1,510
May.. 96 30 61.4 3,780
et O SN LR R 86.8 5,160
July..... 134 72 96.3 5,920
August. . ... 141 52 76.3 4,690
September. . 252 32 91.8 5,460
October..... 379 23 86.8 5,340
November.. Y P 13 28.2 1,680
December. ...l e 35 [eeeiinonnnns 17.5 1,080

The Year....oiit it iiaiacaaaaean I 379 fooeeniill 51.3 37,200
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GOLD CREEK AT JUNEAU,

LocaTtioN.—At highway bridge at lower end of Last Chance basin, 200 feet upstream
from diversion dam of Alaska Electric Light & Power Co. and one-fourth mile
from Juneau. )

DrAINAGE AREA.—9.47 square miles (determined by engineering department of
Alaska Gastineau Mining Co. from surveys made by that company).

REecorps AvainaBLE.—July 20, 1916, to December 31, 1919.

Gace.—Stevens continuous water-stage recorder on left bank at upstream side of
highway bridge. A staff gage was installed September 19, 1916, on left wing
wall of diversion dam 200 feet downstream and used in determining the time of
changes in stage-discharge relation at the well gage.

Di1SCHARGE MEASUREMENTS.—At medium and high stages made from gaging bridge
suspended, at right angles to current, from floor of highway bridge; at.low stages,
made by wading near gage.

CHANNEL AND CONTROL.—Station is at lower end of a flat gravel basin three-fourths
mile long. For 20 feet upstream from gage the stream is confined between the
abutments of an old bridge, and for 15 feet downstream it is confined between the’
abutments of present bridge. For'a distance of 130 feet farther downstream the
stream is confined in a narrow channel which is not subject to overflow. Because
of the steep gradient of channel opposite and for 150 feet below gage, a short
stretch of the channel immediately below the gage acts as the control. The
operation of the headgates of flume at diversion dam, 200 feet downstream, does
not affect the stage-discharge relation at gage, but the swift current during high
stages shifts the gravel in bed of stream, thereby causing changes in the stage-
discharge relation.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 4.9 feet at 2 p. m.,
September 13 (discharge, computed from extension of rating curve, 1,300 second-
feet); minimum flow, estimated by discharge measurements and chmatlc data,
2 second-feet, March 15-28.

1916-1919: Maximum stage, 6.8 feet September 26 1918 (discharge estimated
from extension of rating curve, 2,600 second-feet); minimum discharge, 0.9
second-foot March 26, 1918,

Ice.—Stage-discharge relation affected by ice in February, March, and April.

DiversioN.—Water diverted at several points upstream for power development is
returned to creek above gage, except about 20 second-feet for seven months (when
there is a surplus over amount used by Alaska Electric Light & Power Co., which
has prior right) and 1 second-foot the remainder of year, used by the Alagka-
Juneau Gold Mining Co. A dam 200 feet downstream diverts water into the
flume of the Alaska Electric Light & Power Co. -

RecuLaTioNn.—No storage or .diversions above station regulate the flow more than
a few hours in low water.

Accuracy.—Stage-discharge relation changed during periods of high water; 13 dis-
charge measurements were made during year, by use of which rating curves
have been constructed applicable as follows: January 1 to June 21, well defined
below and fairly well defined above 70 second-feet; June 22 to September 13,
fairly well defined; September 14-24 (a. m.), poorly defined by one discharge
measurement; September 24\ (p. m.) to November 17, fairly well defined by two
discharge measurements; November 18 to December 31, fairly well defined by
two discharge measurements. Operation of water-stage recorder satisfactory
except for periodsindicated in footnote to daily-discharge table. Daily discharge
ascertained by applying to rating table mean daily gage height determined by
inspecting gage-height graph, or, for days of considerable fluctuations, by aver-
aging results obtained by applying to rating table mean gage helghts for equal
intervals of the day. Records fair.

7230°—21—DBull. 714—12 .
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Dischargé measurements of Gold Creek at Juneau during 1919.

‘ [Made by G. H. Canfield.]
1
Gage Dis- Gage Dis- Gage | Dis-
Date. height. | charge. Date. height. | charge. Date. height. | charge.
Sec.t. Feet. | Sec.Al. Feet. | Sec.fL.

14.5 1.37 59 Nov. 19 1.35 116

10.5 1.88 162 .71 24

2.1 1.86 151 Dec. 27 .92 46
17.0 2.16 173
14.6 1.08 46

o Control and measuring section frozen over.

Daily discharge, in second-feet, of Gold Creek at Juneau for 1919.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
....... 48 88| 158 167 78 42 16 20
Jeenans 39 109 1531 147 70 93 15 2
....... 32 (- 137 231 140 63 410 14 20
....... 27 118 270 169 63 320 14 19

SOOaD kW

—

....... 118 240 | 205 174 490 93 99 19
....... 99 225 195 140 183 73 63 17
....... 92 210 195 130 172 42 45 25
....... 106 | 210 180 130 470 | - 32 30 42
....... 122 210 162 130 320 30 29 &
....... 102 222 198 115 165 28 30 93
....... 84 225 225 158 109 31 29 49
....... 77 198 255 174 93 26 27 36
....... 72 180 300 198 91 22 25 29
....... 71 167 255 140 60 21 22 25
....... i 190 115 |....... 20 f.eeee.. 27

NoTE.— Water-stage record lost for following periods; discharge estimated from three discharge measure-
ments, from climatic records for Juneau, and by comparison with hydrographs or other stations: Feb,
11-28, 9 second-feet; Mar. 1-31, 5 second-feet; and Apr. 1-30, 35 second-feet. Operation of water-stage recorder
unsatisfactory for following periods, discharge estimated by comparison with records for Sheep Creek:
May 6-9, 50 second-feet; Aug. 11-20, as shown in table,

Monthly discharge of Gold Creck at Juneau for 1919.

Discharge in second-feet.

Run-off in
Month. . acre-feet.
Maximum. | Minimum. { Mean.

JONUALY e ettt ie e aas &6 12 26. 6 1,640
February [P [ PO 9. 54 530
5 307
............ 35 2,080
79.8 4,910
159 9, 460
237 14,600
176 10,800
192 11, 400
15 7,070
29.0 2,320

27.0 1,
........... 92.2 66,800
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FALLS CREEK AT NICKEL, NEAR CHICHAGOF; :

LocatioNn.—One-eighth mile above beach, on stream that enters tidewater half a
mile northeast of camp of Alaska Nickel Mines Co., 20 miles by water northwes
of Chichagof, on west coast of Chichagof Island.

DRAINAGE AREA.-——Not meagsured.

RECORDS AVAILABLE.—May 6, 1918, to December 31, 1919.

GaGe.—Stevens water-stage recorder on left bank one-eighth mile above beach.

DISCHARGE MEASUREMENTS.—At medium and high stages, made from cable across
‘stream 500 feet above gage; at low stages, made by wading in channel exposed at

! beach at low tide.
CHANNEL AND CONTROL.—The gage is 20 feet upstream from rectangular weir, the
. crest of which is 2 feet above bed of stream, 2 inches wide, and 40 feet long. At -
the cable section the bed is smooth, the water is deep, and the current is regular
and sluggish. '

ExTREMES oF sTAGE.—Maximum stage recorded during period, 3.45 feet at 3 p. m.
September 26,.1918; minimum stage recorded, 0.18 foot March 12, 1919.

Ice.—Stage-discharge relation affected by ice forming on crest of weir.

Accuracy.—Stage-discharge relation permanent; affected by ice January 18, February

25to March 4,1918. Sufficient discharge measurements not yet available todefine
rating curve. Operation of water-stage recorder satisfactory except for following
periods; November 24-30, December 29, 1918, January 18, to February 8, March
23 to April 3, April 28 to May 3, May 4 to 17, July 22-27, August 11-15, Sep-
tember 24, and December 17-27, 1919. Mean daily gage height determined by
mspectmg gage-height graph, or, for days of considerable ﬂuctuatlon by averag-
ing mean gage heights for regular intervals of the day.

i CooreraTioN.—The gage and weir were installed by the Alaska Nickel Mines Co.,

f

l

and the cable and car by the United States Geological Survey in cooperation with
the company which also furnished the gage-height record and most of the dis-
charge measurements.

- Discharge measurements of Falls Creek gt Nickel during 1918-19.

- Gage | Dis- : Gage | Dis-
Date. | Made by height. | charge. || Pate- Made by— helgit charge.
1918. Feet. | Sec.~ft. 1919. Feet, | Sec.ft.
June 10 | G. H. Canfield......... 092 90 |j Jan. 19 Kimba]l ............... 50.70 23
... [+ (o . .96 100 [f Feb. 21 |.....do..cooiiiiaiin.o. b.44 24
July 8| F. 8. Flemjnga .52 38
Dec. 30 | Kimballa..... .56 48

o Employee of Alaska Nickel Mines Co.
b Stage-discharge relation affected by ice.
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Daily gage height, in feet, of Falls Creek at Nickel for 1915-19.

Day : May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
0.59| 1.60| 0.62
.55 | 1.10
51 .70
.48 55
.46 50
53 L .45
.67 .43
60 .40
63 .83
53 .68
50 .60
48 .55
62 .52
.07 481 1
.75 .60
.75 .70
L9211 1.39
.78 1.70
.75 1.30
.78 .97
1.03 .78 .
1.20 .65 .
1.33 .93 .
1.61 .75 .
1.431 1.36 .
1.15| 2.48( 1.
1.00 1.87 .
1.26 1.27 1.
1.30 .95 1.
2.24 73 1.
2.46 [........ 1.

Faly. | Aug. | Sept. | Oct. | Nov. [ Deec.

0.45| 0.36| 0.78 | 0.58  0.63 0.39
44 .35 62| 173 .51 .36
48 .34 54| 2.6 .46 .36
52 .34 48| 2.3 .43 .37
52 .42 421 2.3 .38 .45
63 .37 39| 2.8 35 .65
60 .35 38| 2.00 33 .49
51 .55 36| 1.32 40 A7
60 15 1,02 .95 33 70
76 .65 | 1.05 ‘94 30 72

.77 30 .60
.68 33 .50
.64 .64 .44
.56 .52 34
.50 .67 55

=3
=54
—
—
o
@«
@
-
[~]
<

40 75 .85 .56 45 66
371 102 .75 .57 46 60
36 1.08 66 | 1.10° 41 1.34
36 W98 ... L0

NortE.—For following neriods water-stage recorder did not operate satisfactorily, but maximum and mini-
mum stages were recorded: Nov. 24-30, 1918: Maximum stage, 1.90 feet; minimum, 0.83 foot. Jan. 18 to
Feb. 8: Maximum stage, 0.88 foot; minimum, 0.83 foot. Mar. 23 to Apr. 3: Maximum stage, 0.90 foot;
minimum, 0.22 foot. .



WATER-POWER INVESTIGATIONS IN SOUTHEASTERN ALASKA, 181

PORCUPINE CREEK NEAR NICKEL.

Locarron.—Half 2 mile above beach, on stream that enters tidewater at head of
Porcupine Harbor, 4 miles northwest of camp of Alaska Nickel Mines Co., which
is 20 miles by water northwest of Chichagof, on west coast of Chichagof Island.

DrAINAGE AREA.—Not measured.

RECORDS AVAILABLE.—May 20, 1918, to December 31, 1919.

Gace.—Stevens water-stage recorder on left bank of stream half a mile above beach.

DISCEARGE MEASUREMENTS.—At medium and high stages; made from cable across
stream 150 feet above gage; at low stages, made by wading near control.

CHANNEL AND coNTROL.—The gage is located at edge of deep pool formed by con-

© traction of channel where stream passes over exposed bedrock and descends in
a series of small falls. The head of these falls forms a well-defined and perma-
nent control. At the cable section the bed is rough, the water is.deep, and the
current is sluggish and irregular, because 15 feet above cable the stream widens
into a small lake.

EXTREMES OF STAGE.—1918-19: Maximum stage recorded during period, 3.35 feet
at 10 a. m. November 6, 1918; minimum stage recorded, 0.37 foot March 19 and
28, 1919. .

Ice.—Stage-discharge relation not affected by ice.

Accuracy.—Stage-discharge relation permanent, affected by ice only February 25.
Sufficient discharge measirements not yet available to define rating curve.
Operation of water-stage recorder satisfactory except for following periods: July
22 to August 4, November 30 to December 23, 1918, May 10-13, July 26-30, Octo-
ber 5-8, 24-31, and December 1-17, 1919." Mean daily gage heights determined
by inspecting gage-height graph, or, for days of considerable fluctuation, by
averaging mean gage heights for regular intervals of the day.

CooreraTioN.—The gage was installed by the Alaska Nickel Mines Co., and the
cable and car by the United States Geological Survey in cooperation with the
company, which also furnished gage-height graph and 4 discharge measurements.

Discharge measurements of Porcupine Creek near Nickel during 1918-19.

: Gage Dis- i Gage | -Dis-
Date. Made by— height. | charge. || D8te: Made by— height. | charge.
1018, Feet, | Secsz, || 1919, ) Feet, | Sect.
June 12 | G. H. Canfield......... 1.60 140 | Jan. 16 | Kimball................ 1.30 112
Aug. 5| F.S. Fleming.......... .98 68 25 |..... do.... .e .94 69
Mar. 1|{..... do.... 53 36
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Daily gage height, in feet, of Porcupine Creek near Nickel for 1918-19.
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WATER-POWER INVESTIGATIONS IN SOUTHEASTERN ALASKA. 183
MISCELLANEOUS MEASUREMENTS.

Miscellaneous discharge measurements in southeastern. Alaska in 1919.

Date. Stream. Tributary to— Locality. chgl:g‘e
. .
' Sec. -ﬂ
Apr. 11 | Spruce Creek...... Windham Bay....[| Mouthofcreek...........coveiiiiiiinnnn...
July 12 |..... do......ooiells do............ At bridge near mill of Alaska Peerless Gold 28 6
Mining-Co., halfa mile above mouth of creek.

WATER POWER ON CERTAIN STREAMS IN SOUTH-
EASTERN ALASKA.

Owing to the great variation in flow of streams in southeastern
Alaska, storage is an important factor in determining the power
that can be developed and the cost of development. The amount
of possible storage is generally estimated, because few local maps or
sketches of river basins are available.

In the following table the estimates of annual flow at gaging sta-
tions are based on records prior to October 1, 1918. The flow at the .
point of diversion to the power plant is estimated from the records
for gaging stations, by comparison with records for other streams, or
from precipitation data. The ““annual flow” is that for the climatic
year ending September 30. The effective head is the elevation of the
lake or dam site above high tide plus two-thirds of the head created
by the dam minus 10 feet (elevation of nozzles of impulse turbines).
The estimates of available power are based on continuous and com-
plete utilization of a plant having an efficiency of 80 per cent.

The following abbreviations are used in the table:

A. B. 8., Alaskan Boundary Survey maps.
., U. 8. Geological Survey topographic maps.

TU. 8. Forest Service topographic maps.

U.8.G.8
U.S.F. S
U.S8.F. 8. R -» U. 8. Forest Service timber reconnaissance maps.

\



Data concerning certain streams in southeastern Alaska on which power may be developed.

tin-
uous
horse-
power
at 80
per
cent

ciency.

* Meah annusal flow.
torage re- above or de; =
Elevation of H
Drain- : quired to of tunnel be- g | Mean
Stream and location. age | Map used. Reco;dseava.ll« At 125%%%2:2‘ equalize flow, |- A;sabggilﬁke lowlakesur- | S |static
area. g giag At point of h h tide. or storage y face for obtain-| ‘S | head.
ng diversion. ig . available. ing required = N
sta- storage 5
tion. N o
g
- @
A
Square Sec.- Sec.-ft Feet. Acrefeet. Acres Feet. Bfiles.| Feet.
Mainland: . miles. It i
Endicott River on west {........|-cooeeuioa.. None..........{|... S 175 | 53,000 (50-foot |................ 250-foot dam |...... (a)
shore of Lynn Canal dam 18 miles for . head
(reconnaissance by Alas- from beach). only.
ka Gastineau Mining
Co., 1913; lake gone). -
Small stream on _west 1.8 | A.B.S....|..... do........]..... ) b SO 3,000 |oeeeon el 2] 175 | 3,000
shore of Taiya Inlet;
mouth of Skagway. -
Sherman Creek at Comet; 3.65 | U.S.G.S...| September,| 31| 34 (storage for 500 | 2,000, ... ..o feaiiiiiiiiiit 100............ 1 560
on east side of Lynn. 1914, to De- only 7 sec.-ft.)
anal, cember, 1917.
Davies Creek, Berners | 16.0 | U.S. G. S...| Measurement, |..... 45 ... 200 | 40,000. ... ... . ool 150 . c.oointnn 1.7 290
ay. Sept. 8, 1916. . _
Peterson Lake outlet near 5.7 | U.S.G.S...| None..........[|..... 40.. ... 650 | 10,000......... 85 i 50 i ®) 675
Eagle River Landing. ) ) -
Montana Creek at eleva-| 10.9 | U.S. G.S...}..... do....o.. .. 0. ..., 250 | 30,000 ... ... |..oo.o.iln 150. .. .oieeaen 3 300
tion 250 feet; tributary
to Mendenhall River;
power house at eleva-
tion 50 feet. .
Nugget Creek, Mendenhall {... ... .o oo o diiciiiinii e iiciiad e e geececmen e i e
Glacier. s
Salmon CreekneéarJuneau.| €5.34 | ... o oo e e e e
Gold Creek at Juneau. .... . o P
Sheep Creek at Thane. .. .. July 26, 1916... 41 (storage for 150 (at 710-
. ’ only 30 sec.-ft.). foot contour).
Grindstone Creekat Taku | 3.6 |.............. May 6,1911....[ 41 |32 (storage for | 220 [.o.ooiiiiiiiiii i
Inlet. . - 1:}tbou!: 20 sec.-
Carlson Creek at TakulIn- |422.3 .. ........... July 18, 1916...] 358 | 283 (storage for 350 | 20,000......... 300 (at 470- |............delll. 420
let. ?f.)ly 100 sec.- foot contour).
A?liex Creek at TakuIn- | 6.4 ficeeeeciioiei)onnnnmanaaifoeenfoeaiiiiiiiiia, O P PSP
et.

10,000

3,000
350

4,000
3,000
3,000

€3, 500

¢6,000
1,000

3,800

b5,000
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NorrisCreek at Norris Gla-

cier.

Turner Lake Outlet, Taku
Inlet.

Carlson Lake outlet at
Taku Harbor.

Crater Lake outlet at Port
Snettisham.

Long Lake outlet at Speel
River.

Speel River at Port Snet-
tisham.

Tease Lake outlet at Port
Snettisham.

Sweetheart Falls Creek at
Port Snettisham.

Stream entering salt lake
at head of Hobart Bay.

Below fork of stream en-
tering head of Port
Houghton.

Farragut River tributary
to Farragut Bay; dam
at lake on north fork,
12 miles from beach.

Cascade Creek, Thomas
Bay.

Stream tributary to west
shore of Thomas Bay;
1.4 miles north of West
Point.

Stream tributary to north
shore of Bradfield Canal,
2 miles east of Blake
Channel.

40

73

21

10

A.B.S.....
A.B.S.....
A.B.S.....
A.B.S.....

A.B.S.....
A.B.S.....

A.B.S....|1

A.B.S.....

A.B.S.....

A.B.S.....

a Elevation of power house, 95 feet.

b Three miles to Pearl Harbor; 4,000 feet of tunnel and 1,500 feet of pipe line to Tee Harbor.

¢ Developed.

May,

1908, to

April, 1909.
Measurement,

Sept. 3, 1916.
Jan. 23, 1913...

July

to
1918

15, 1916,
Sept. 30,

July

31, 1015,

to Mar. 31,
i917; May21,

Oct. 27, 1917....

Measurement,
Aug.9,1917.

d Determined by Alaska Gastineau Mining Co.
¢ Elevation determined bygneroid barometer.

2,700 (storage
foronlyl,875
sec.-ft.).

Storage for
only 160 sec-
ond-feet.

Storage for
only 300 sec~
ond-feet.

Storage for
only 125 sec-
ond-feet.

At dam site,
220 (storage
for only 80
sec.-{t.).

221511
80 | 180,000........
€1,100 |- ceuneneannnnnns
71,012 | 54,000.........
803 | 151,000........
f150 | 370,000 (above
elev. 192
feet).
71,010 | 35,000.........
€520 | 90,000.........
250.( 45,000 (be-
t ween 300
and 400 foot
contours).
50 | 50,000 at lake;
50,000 (be-
tween 100
and 200 foot
contours).
250 {eveiiniiinnnns
10,500. ........
€400 | 14,000.........
50 |oeeiiiinnnnnnnnn

.| Dam, 50; tun-_

nel, 35.
157 . coeeiae...

Dam, 50; tun-
nel, 160.
50

Lower dam,
150feet; Gam
at lake or
storage only
50 feet.

12

1. 95

360

h267

1,690

416

/3,600
6,500

17,500

22,000
45,000

11,500
15,000

5,000

5,400

5,200

12,300

/ Reported by Speel River Project (Inc.).

9 Elevation of power house, 300
& Elevation of power house, 50 feet.

-t Estimated.

feet.
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Data concerning certain streams in southeastern Alaska on which power may be developed—Continued.

L Mean annual flow. . Con-
: =5 tin-
Height of dam | 5
: Storage re- . aboveor depth| < \Lous
: Elevation of i a horse-
Drain- : quired to of tunnel be- Mean
Stream and location. age Reco;glseavaﬂ- ‘25;?3 g‘.’ag";ﬂ‘ equalize flow, A‘r)s%ggilgke lowlskesur- | S |static Lkt
area. . high tide or storage - face for obtain-| © | head. er
g - available. ing required | g Bt
storage. bga effi-
2 ciency.
. Square
Mainland—Continued. miles. Feet. Acre-feet. Acres. Feet. Feet.
Stream tributary to north | 80 None......... a50 | 200,000 (be- | 3,000 (at 250 | 150............ 165 | 10,000
shore of Bradfield Canal, tween 100 | footcontour).
11 miles east of Blake and 200 foot
Channel; three-fourths contours; es-
mile from beach. timated).
Stream tributary tonorth | 42 | A.B.S.....[..... do........ a75 | 80,000 (be- | 1,100 (at 250 | 175............ 200 | 5,500
shore of Bradfield Canal, tween 150 | foot contour).
1 mile west of the head; and 250 foot
1 mile from beach. . contours).
Stream tributary tosouth | 14 | A.B.S.....|..... s C U, 1,100 5000 ... ... 500............ Dam, 25; tun- 1,100 | 10,000
shore of Bradfield Canal, nel, 25.
1 mile west of the head. .
Stream tributary tosouth { 36 | A.B.S.....0..... do......... a300 | 65,000.........]300.......ccnan 130....cnennn .- 3% | 8,500
shore of Bradfield Canal, X
11 miles east of Blake
Channel; at lake 5 miles .
from beach.
Stream entering south | 27 | A.B.S.....|..... do.ceenn... al50 | 39,000. . ... ...feoieuiana. eeeen 100, .ccceennan 210 | 3,800
shore of Bradfield Canal,
2 miles east of entrance.
Stream tributary to east| 23 | A.B.S.....l .. .. [ [ T (5171 1 P MDD M8 PR T N P,
bank of Chickamin
River, 4 miles upstream
from mouth. )
Shelockum Lake outlet, | 18 June 4, 1915 . 344 | 52,000.........[350............ Dam, 60; tun- 340 | 6,000
Bailey Bay. nel, 100.
Revillagigedo Island:
Orscll'lla_rd BLake outlet, |........ May 28,1915. . 134 | 130,000........ 1,400.......... (VT 175 | 9,500
rimp Bay.
Mahoney Creek, George |........ Measurement, 2,000 | 7,000 .. .......[ 180 ..o ioiils Tunnel, 60. ... 51,890 { 6,000
Bmet' Falls Creek,| 3.6 SeRE, 1 Dam, 25; t 1,100 | 5,500
eaver s reek, . Three meas- G100 oo 24l am, 25; tun- ) 3,
George Inlet, at Upper ; nel, 25.
Lake outlet. ix;f.;nents n
Beaver Falls Creek, 4.9 . . 792 [ 10,000 . .. ... 0620 e e e

George Inlet, at Lower

Lake outlet.

981
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L
N
Svlvan Lake outlet, Carroll {... ... .. .ccocvuii.o.. Aug. 24,1916..) 440 | 435............ €225 | 75,000......... 300e........... 150 cccinenn... 1.25] 3.5 12,000
*Inlet.
Fish Creek near Sealevel |....__.. US.FS.R..| May19,1915_ .| 429 | 400............ €275 | 66,000......... 1,700.......... b TR 1.5 | _ 290 | 10,500
mine,
Annette Island:
Tamgas Lake............. 5.9 [Chart....._. None..........jeuu.. 60. . ceicaann. (281 T P SO L1 J P, ceee-..| 1,000
Chester Lake.............. 6.0 [..... do.......[..... doceoianifons. 60. . cocnnann.. 825 | 10,000......... 64........ e Dan%, 1586 tun- f...... 4,500
nel, 100.
Deep Lake................ 10 |-.... do.......|..... do..o..l ... 100....ccoeean. [ 1 1 PO PO SN IO R 2,000
Millanson Lake. .......... 6.1 |..... [ U NI ORI FPUIIN (PRI ORI [ PPN PROSRRRPODRIPIE PO PN 1,500
Admiralty Island: -
Hasselborg Lake outlet, | d90 |.............. None..........|..... 800...cacnnan.. 7 O S, 3,5008.... ... 60...cieennnn 6~7 247 | 18,000
entering Mitchell Bay,
XKootznahoo Inlet.
Chichagof Island: .
Porcupine Creek mear |... ... [..ccoooiiiiideeiii e e e 5,000
Nickel; west coast. N
Falls Creek mear NicKel; | ... ... oeoioiioie oo e ee et e e e e e e e 3,000
west coast.
Baranof Island: .
Green Lake outlet at Sil- ... ___ .. |.............. Aug. 22, 1915. .1 30.6| 270 (storage for a240 [ 42, .. ... ... 1756 oo 165. ceeeennnns 0.4 340 | 6,500
ver Bay. 210 sec.-ft.). ..
Barnanof Lake outlet, | . __ . U.S.F.S...[ June28,1915. .| 411 | 365............ 134 | 90,000......... T00. e, 100 . cainiaat .3 200 ; 6,500
Warm Spring Bay. .
Second Lake on large |... .. .. |.............. Measurement, |..... 420.....ono.... al85 | 100,000. ... .| . ... ...... Dam, 50; tun- |...... 190 | 7,000
stream at head of Cas- - Aug. 14, 1917| nel, 50.
cade Ba%.
Patterson Bay nearsouth .. ___ [ ............. Measurement, {..... 60...ccaennn... a350 | 18,000.........1 600x.._........ Dam, 25; tun- 2 360 | 2,000
entrance. Aug.15,1917. nel, 15.
Small stream 500feet south | ... |........ ... ].....doelooiil..oL. .1 SO P PRSP RO MRS PRSI R 1,000
%f entrance to Patterson
ay.
Stream at head of west .. ... ... . ... Measurement, f.....je-eeueeieananaa. [0 1 N DN PN 400 ieeiaann .06] 145 850
arm of Patterson Bay. Aug.16,1917. .
Big Port Walter........... 3.7 | U.8.F.S...| Measurement, | 30 [ 480............ 9,000 | 9,000.......... 365...lcii.... Dam, 10; tun- .08 460 | 1,200
. Aug.17,1917. nel, 25. .
Kosciusko Island: Stream en- 3.6 |Chart.......|leeeceuoicanan. 30 520a........... 6,000 | 6,000, ....... 1. . . ..o [ TP B | 510 | 1,400
tering Davison Inlet.
Prince of Wales Island:
Karta River, Karta Bay. .| 49.5 | U.S.F.S.R..| July,1915..... 493 | 465............ 104 ,000......... 1,6006.........]50............. .8 137 | 5,800
M sH{e Crgleﬁt at Niblack [....__..[.............. July'30,1917. .| 92 | 53............. 450 | 10,000. . ... ... 83, . e Tunnel, 40....]-..... 427 | 2,000
e outlet.
Myrtle Creek at Myrtle |, .. . |eeeii e 80, et 951 15,000......... 122............ Dam, 20; tun- |...... 105 750
ake.outlet. nel, 10.
Reynolds Creek at Copper- 5.05 | U. 8. G. S...| Measurement, |..... (<7 S 876 | 12,000......... 185 . e Dam, 15; tun- | 1 856 { 5,000
mount. Sept. 14, 1915. nel, 60. .
Mill Creek near Wrangell..| 350 Chart....... June 17,1915, | 412 [ 440............ €100 | 112,000........ 500....... PO IS b S, 1 166 | 6,500
to Sept. 30, .
Douglas Island: 1?17‘ .
Treadwell mine ditch. ... [ ... fooiomimii e e e e[ e e e e4,000
o Estimated. b Elevation of powerhouse, 80 feet. ¢ Elevation determined by aneroid barometer. d Reported by Treadwell Mining Co. ¢ Developed.
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Monitoring Large Woody Debris Dynamics in the Unuk
River, Alaska Using Digital Aerial Photography

Kathy M. Smikrud!
Alaska Cooperative Fish and Wildlife Research Unit,
University of Alaska Fairbanks, Fairbanks, Alaska 99775-7020

Anupma Prakash

Geophysical Institute, University of Alaska Fairbanks, Fairbanks,
Alaska 99775-7320

Abstract: Large Woody Debris (LWD) and changes in its accumulation pattern
influence the morphology, flow characteristics, ecological attributes, and physical
habitats along a river. Digital aerial photos were acquired for the Unuk River in
Alaska during the spring of 2003 and 2004. Digital processing of aerial photos
involved high-pass filtering on the second principal component image, followed by a
low-pass filtering, thresholding, and color coding to map individual logs and large
wood accumulations. This processing technique provided an effective classification
of the LWD with an overall classification accuracy of 89%. In the selected test site,
the 2004 images show a 23% decrease in LWD, which is attributed to the large-scale
wash-over of the wood due to a known flooding event in October 2003. Large shifts
in LWD have caused main channel shifts, channel splits, merging of split channels,
and changes in locations of sand bars and pools, dislocating and redistributing
known fish habitat.

BACKGROUND

Large woody debris (LWD) refers to wood pieces (i.e., entire fallen trees,
branches, rootwads) typically larger than 10 cm in diameter and 2 m in length within
stream and river ecosystems (Bilby and Ward, 1989; Maser and Sedell, 1994). The
quantity and distribution of LWD within a river network when spatially mapped over
the landscape presents large wood patterns that are inherently related to within-
watershed processes. These relationships between LWD and a river’s geomorphologi-
cal, hydrological, and ecological processes have been widely documented. Research
studies have recognized the importance of LWD within rivers and its influence in
creating pools (Keller and Swanson, 1979, Robison and Beschta, 1990), modifying
sediment storage (Megahan and Nowlin, 1976; Naiman and Sedell, 1979), promoting
channel complexity (Keller and Swanson, 1979; Abbe and Montgomery, 1996), pro-
viding fish and macroinvertebrate habitat (Anderson and Sedell, 1979; Bisson et al.,

ICorresponding author; email: ftkms3@uaf.edu
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LARGE WOODY DEBRIS DYNAMICS IN THE UNUK RIVER 143

1987), and altering channel hydraulics/bar accretion (Zimmerman et al., 1967; Bilby,
1984; Abbe and Montgomery, 1996). The ability to document and understand LWD
distribution patterns creates the link in further understanding the variations in stream
processes and form within a watershed (Piegay and Marston, 1998; Marcus et al.,
2002).

LWD distributions vary according to stream size and location within the water-
shed (Martin and Benda, 2001; Gurnell et al., 2002; Marcus et al., 2002). To date the
majority of LWD studies have primarily focused on smaller stream networks with
only a few studies on larger river systems (Abbe and Montgomery, 1996; Piegay
2003). Regardless of the stream size, these studies have commonly involved an
intense field component incorporating comprehensive ground measurements. How-
ever, in larger river systems on-site sampling is often difficult given their size and typ-
ically complex habitat. Due to time and logistical constraints (especially in remote
locations) and the fact that these areas lack an easily repeatable temporal component,
comprehensive ground surveys are essentially not practical as effective survey
methods (Poole et al., 1997; Legleiter et al., 2002; Leckie et al., 2005). For these rea-
sons, large rivers require alternative methods in order to examine and spatially docu-
ment LWD. The ability to spatially and temporally monitor LWD dynamics within
large rivers systems will assist in better understanding the variation in stream pro-
cesses and associated aquatic habitat.

Remote sensing offers an alternative method to researchers and is increasingly
being used for riverine landscape applications (Mertes, 2002). Airborne remote sens-
ing allows the acquisition of high spatial resolution imagery covering an entire river’s
length. However, the application of digital image processing techniques to analyze
remote sensing data for LWD mapping within a river system is a field that is still in its
infancy (Marcus et al. 2002; Leckie et al. 2005).

Marcus et al. (2002) examined the use of supervised classification on 1 m spatial
resolution, 4-band imagery for LWD mapping with limited success due to the over-
lapping spectral signatures of the LWD and gravel. They attributed these poor results
to insufficient spatial resolution of the imagery, mixed pixel effects, and also to prob-
lems with coregistration of the imagery with the field maps. The problem with coreg-
istering the images with field maps was also noted by Wright et al. (2000),
specifically in matching small features (e.g., individual logs) to the imagery. This
misalignment in the imagery and field maps subsequently created a misclassification
when using the field maps as training data in the supervised classification. Marcus et
al. (2003) obtained successful results in mapping woody debris using high spatial res-
olution (1 m) hyperspectral (HSRH) imagery by applying a variance-based principal
component transformation to the HSRH images, followed by a matched-filter
approach available in ENVI™ software package. They concluded that the hyperspec-
tral imagery provides great potential in spatially mapping woody debris at the water-
shed scale. Leckie et al. (2005) also obtained good classification results of large
woody debris using 0.80 m, 8-band CASI imagery. They used a spectral-angle map-
per approach to achieve a classification accuracy of 79%. Both Marcus et al. (2003)
and Leckie et al. (2005) encountered problems in mapping LWD when the wood was
in the shadow cast or obstructed by water and vegetation and concluded that these
obstructions are a major limitation in stream mapping. Leckie et al. (2005) deter-
mined that it is desirable to use sensors that acquire at least four bands (blue, green,
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Fig. 1. Location of study area. The Unuk River originates in British Columbia with its saltwater
confluence in southeastern Alaska, northeast of the city of Ketchikan. The area for detail study
is located approximately 12 km south of the U.S.—Canada border.

red, and near-infrared) for mapping stream features. Hyperspectral data, however, is
relatively expensive to acquire on a routine basis for monitoring.

The research reported in this paper is unique in that it examines the potential for
using relatively low cost, high-resolution (80 cm and 60 cm), 3-band aerial photogra-
phy to spatially and temporally map LWD on the floodplain of a glacial, transbound-
ary river. Digital detection of LWD is based on its spatial and textural characteristics
rather than its spectral response alone. Additionally, this study evaluates LWD over a
two-year time frame within the study area, allowing for change detection.

STUDY AREA

The Unuk River (Latitude 56°14’ N, Longitude 130°52° W) is 129 km long and
drains an area of 3,885 km?2 (Fig. 1). The study area focuses on a 0.32 km? stretch of
the river approximately 23 km upstream from the saltwater confluence. The Unuk
River emerges from a heavily glaciated area of northern British Columbia and flows
into Burroughs Bay in upper Behm Canal, 85 km northeast of Ketchikan, Alaska. The
lower 39 km of the river is in Alaska and lies within the Misty Fiords National Monu-
ment portion of the Tongass National Forest. Misty Fiords is part of the Rounded
Moutain ecological subsection within southeast Alaska and is underlain by a granitic
batholith. Volcanic activity has occurred at Blue Lake within the Unuk River water-
shed as a result of bedrock folding and faulting from the abutment of the Coast Range
megalineament (Nowacki et al., 2001).
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The United States Geological Survey (USGS) installed a stream gage in May of
2003, and records show a mean discharge of 229.62 m3/s, with a minimum of
37.60 m3/s and a maximum of 984.18 m3/s. Peak flow events typically occur during
summer snowmelt and with the heavy rains normally occurring in late fall. Annual
precipitation for the area averages approximately 4 meters, which includes snowfall.
The Unuk River channels (Alaskan portion) can be characterized as large braided,
glacial outwash channels and function as sediment deposition areas. These channels
transport extremely large sediment loads that create the braided channel network and
extensive flood plain (Paustian et al., 1992). The Unuk River’s forest and riparian
cover consists of Sitka spruce (Picea stichensis), western hemlock (Tsuga hetero-
phylla), black cottonwood (Populus trichocarpa), and red alder (4/nus rubra) com-
prising the overstory, with Sitka alder (4/nus sinuate), willow (Salix spp.), blueberry
and huckleberry (Vaccinium spp.), salmonberry (Rubus spp.), and false azalea
(Menzizia spp.) inhabiting the understory. Field data collected in 2003 and 2004 show
that individual logs from these tree species range approximately from 25 cm to
150 cm diameter. Accumulations of LWD of interest for fish habitat generally occupy
much larger areas than these values, making the airborne datasets of less than 1 m
spatial resolution suitable for LWD mapping purposes.

METHODS
Data Input

Airborne digital images were acquired for the study area on May 5 in both 2003
and 2004 with flow conditions of ~84.95 m3/s and 195.24 m3/s, respectively. Flights
were scheduled to correspond with low-flow events in the spring (shortly after ice-
out, but before deciduous leafout) to facilitate a more comprehensive view of the river
channels. Flight height was set at 1,981 meters in 2003 with a corresponding spatial
resolution of 80 cm. In 2004 the flying height was lowered to 1,280 meters to acquire
images at a higher spatial resolution of 60 cm. The aircraft used was a DeHavilland
Beaver with a fixed-belly mount that housed the digital camera. The camera operated
in the blue, green, and red spectral regions of the electromagnetic spectrum. Addi-
tional hardware included an on-board avionics quality GPS receiver, digital compass,
inertia measurement unit (IMU), and on-board data logging system (TerraMar, 2005).
Images were acquired with a 20% endlap and sidelap.

The Alaska Department of Fish and Game used TerraMar™ 2005, a commer-
cially available software package, to carry out standard preprocessing of the digital
images and to provide the researchers with a georeferenced mosaic of the study area.
Field data was collected in spring 2003 and spring 2004 concurrent to the flight over-
pass. Locations of ground control points were recorded for pre-processing of remotely
sensed images. Detailed ground validation of remote sensing observations using glo-
bal positioning system (GPS) measurements and field photos was accomplished. Indi-
vidual tree species were identified and documented and locations and dimensions of
LWD were measured.
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Image Processing

In this study, the input data were limited to the visible part of the spectrum, where
the woody debris does not show a unique spectral signature. Even when more spectral
bands are available, such as with hyperspectral data, it would be difficult to uniquely
map LWD due to overlap of spectral signature of wood with the spectral signature of
sand and gravel that surrounds and partly covers it (Marcus et al., 2003). An alternate
technique was required for digital detection of LWD. As our interest was limited to
the LWD within the stream, all non-stream areas were masked out a priori. Further
processing steps adopted in this study are shown in Figure 2.

This processing scheme was based on highlighting the spatial and textural char-
acteristics of the LWD instead of classifying the LWD based on its spectral character-
istic alone. Enhancements in the spatial domain required the use of only one spectral
band. A principal component transform was performed on the three highly correlated
bands (Fig. 2A) to reduce the dimensionality of the data (Faust, 1989; Jensen, 2005).
Visual analysis of the three principal components showed that the LWD was pro-
nounced in the second principal component image (PC2) (Fig. 2B), which was then
used as the base image for further processing. On this image the LWD shows an
abrupt change in digital values compared to the background sand and gravel (high-
frequency variations). To enhance these high-frequency variations the PC2 image was
filtered using a 3 x 3 variance filter kernel. This filtering operation is best represented
by the following formula (Leica Geosystems, 2003):

o= z(pi,j’ M)z

n-—1

Varianc

]

where p;; = the pixel value at location (i) in the filter window; M = the mean pixel
value; and n = the number of pixels in the filter window. The resultant image has a
textural enhancement such that LWD stands out quite prominently (Fig. 2C). How-
ever, other high-frequency variations (noise) not related to LWD also gets high-
lighted, imparting a salt/pepper effect in the non-LWD areas. To suppress this noise
and to further isolate the large wood, a 7 x 7 low-pass filter was successfully applied
(Fig. 2D).

The high contrast between the LWD and background areas allowed for an easy
thresholding to discriminate wood and no-wood areas, which were assigned digital
values 1 and 0, respectively (Fig. 2E). The threshold value was set where the slope of
the image histogram abruptly changed. To further highlight and map the LWD, areas
with digital value of one were color coded and displayed on the original aerial photo
(Fig. 2F).

Accuracy assessment of the LWD classification was addressed using two
approaches. The first method compared field-collected data with the LWD classifica-
tion. In the field, areas (polygons) of wood and no-wood areas were mapped, which
served as a reference data set for accuracy assessment. However, due to an insuffi-
cient number of mapped polygons, a second approach for accuracy assessment was
also used. In the second approach an equalized random selection of reference loca-
tions for the LWD class and the no-LWD class were generated. A sample size of 100
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Table 1. Accuracy Assessment of the LWD Classification

Ground reference

Class

No-LWD LWD Total
No LWD 96 4 100
LWD 18 82 100
Total 114 86 200
User’s Accuracy, pct. 96.0 82.0
Producer’s Accuracy, pct. 84.2 95.4
Overall User’s Accuracy, pct. 89.0

reference points per class was used in this analysis to obtain an unbiased, representa-
tive sample (Congalton and Green, 1999). An accuracy assessment cell array (error
matrix) was created to compare the classified image with reference data. This error
matrix contained the class name (LWD and no-LWD) for the pixels in the classified
image file and the class name for the corresponding reference pixels. The class name
for the reference pixels used to populate the error matrix was assigned by visual inter-
pretation of the original aerial photographs.

RESULTS AND DISCUSSION
LWD Detection and Mapping

The processing technique used in this study provided an effective enhancement
of the LWD at a level of detail from single logs to LWD accumulations (Fig. 3). The
ground-collected data of the LWD occurrence and distribution corroborates well with
results obtained from the image processing with an overall accuracy of 100%. This
high classification accuracy is largely misleading due to the small sample size of the
field-collected data (n = 10, 5 locations = LWD, 5 locations = no-LWD). Other sam-
ples were collected, but were excluded from the error matrix because of the geograph-
ical uncertainty (GPS accuracy +5 m) when overlaid on the high spatial resolution
imagery (60 and 80 cm). This positional uncertainty mainly applied to field data that
documented single logs within the study area versus the LWD accumulations. For this
reason, the reference data included in the error matrix above reflects only LWD accu-
mulations and is biased toward LWD accumulations, and not a truly representative
assessment of the LWD classification.

As stated above, in order to obtain an unbiased and representative accuracy
assessment of the LWD classification, a second error matrix was generated using the
original imagery as the reference data. The second assessment resulted in an overall
classification accuracy of 89% (Producer’s Accuracy = 95.4%, User’s Accuracy =
82.0 %, and Overall Kappa = 0.78). This high accuracy in part could be attributed to
the larger size of the LWD within the study area and the high spatial resolution of the
imagery. Another factor contributing to the success of the LWD classification is the
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150
Meters

Fig. 3. Field validation of remote sensing observations. Arrows in (A) and (B) point to the
location where field photo (C) was taken. LWD consists of of Sitka spruce, black cottonwood,
and alder.

accommodating morphology of the study area, in that it is a wide, mostly sparsely
vegetated floodplain expanse.

The remote sensing method, however, does have its limitations in that it did not
always detect LWD in areas where the wood was obstructed by overhanging bank
vegetation or shadows. Also some areas of the river were falsely enhanced where
there was an overlying sun glare, combined with surface water roughness. These
problems are inherent in the dataset due to constraints of the weather and image
acquisition, and are difficult to isolate using the available dataset alone. Use of simul-
taneously acquired high-resolution thermal infrared images may in part provide a
solution to this problem. The processing scheme followed in the study is successful in
identifying LWD even in areas where unsupervised and supervised classification
would not succeed due to mixed spectral response of wood, sand, and gravel.
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Change Detection and Implications

A second objective of this study was to investigate the temporal changes in LWD
distribution. LWD maps generated using the above method were integrated and ana-
lyzed in a geographic information system (GIS) framework to assess the changes that
occurred between spring 2003 and spring 2004, which were then validated by field
checks. Quantitative change detection was carried out by computing the areas of
LWD classified on the respective images and then subtracting these values to quantify
the change. In the second attempt to monitor the changes, classified LWD areas on the
two date images were overlaid in a GIS environment. Channel boundaries were also
digitized and overlaid. Channel shift changes and redistribution of LWD were visu-
ally analyzed.

Image processing of the study area datasets reveal that during 2003, there was
approximately 36,628 m2 of LWD composed of both scattered pieces and small/large
accumulations. However, in 2004, within the same area there was approximately
28,046 m2 of LWD. This represents an approximately 23% decrease in LWD within
the 0.32 km? test site. This decrease in LWD can be directly linked to a high-flow
event recorded by the USGS gage (984.18 m3/s) on October 26, 2003.

Besides the reduction in the amount of LWD, image processing results showed
large shifts in the LWD distribution pattern. These shifts directly influence the chan-
nel morphology and therefore are largely responsible for observed significant river
channel migrations and transformations (Fig. 4). Figure 4A shows the location of the
channel and associated LWD (red areas) in spring 2003. Figure 4B shows the location
of the same channel and associated LWD (green areas) in spring 2004. A comparative
analysis of these images shows several interesting changes (Fig. 4C). From 2003 to
2004 the main channel appears to be in general slightly wider. This could be partly
caused by higher discharge in spring 2004 due to increased snow/glacier melt and
partly due to the October 2003 flood event, which cleared some LWD constricting the
2003 flow. Close to location “X” in Figure 4, a large accumulation of LWD in 2003
was transported away during the October 2003 flood, causing channel avulsion and
the appearance of a new subsidiary channel that can be seen in the 2004 image. At
another location “Y,” the LWD accumulation at the tip of a mid-channel bar in
2003 (which probably caused the formation of this bar) was similarly removed and
redistributed. This resulted in increased flow at this point, a complete disappearance
of the mid-channel bar, and a merging of the original split channel into one main
channel.

Such large-scale shifts in the LWD distribution pattern and the associated chan-
nel dynamics, as exemplified in Figure 4, directly impact navigation and aquatic hab-
itat within these river systems. In a glacial, gravel-bed river such as the Unuk River,
LWD distributional patterns and form provide critical habitat to juvenile salmonids
(Fig. 5A). LWD within the active river flow form channel obstructions concentrating
turbulent flows and forcing channel bed scour and pool formation (Fig. 5B). Abbe
and Montgomery (1996) found that 70% of all observed pools within the Queets
River floodplain were associated with large wood and were usually deeper with vary-
ing depths compared to free-formed pools. These pools are essential to juvenile
salmon, providing refugia from high flow velocities; additionally the LWD provides
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Fig. 4. Temporal changes in LWD distribution and associated changes in the channel.
(A) shows in red LWD mapped from spring 2003 image; (B) shows in green LWD mapped
from spring 2004 image; (C) shows a migration of the main channel to the right, the combining
of split channels due to dislocation of LWD in the mid-channel bar, and creation of a new
channel due to redistribution of LWD.

cover and indirectly a source of food items (Naiman and Bilby, 1989). Therefore, the
quantity and spatial distribution of LWD largely controls the location and amount of
fish habitat within the Unuk River.

CONCLUSIONS AND RECOMMENDATIONS

The ability to spatially map LWD within a river system is a valuable resource
management tool for biologists. A large, glacial river like the Unuk does not lend
itself to traditional (foot) habitat surveys and requires alternative methods to monitor
large LWD distribution patterns. High-resolution airborne photography using digital
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Fig. 5. LWD creates pools providing aquatic habitat. A. Field photo of an LWD accumulation
in the Unuk River. B. Representation of the pool formed as a result of channel scour in this
area.

cameras operating in the visible part of the spectrum provide a low-cost and feasible
solution to monitor an entire river system. Digital techniques used in this study pro-
vide encouraging results for LWD detection, mapping, and monitoring that were not
possible to achieve for the Unuk River prior to this study. In remote places such as
southeast Alaska, remote sensing provides a tool for monitoring LWD, channel mor-
phology, and aquatic habitats with very promising potential for resource management.

This study also shows that some limitations in detection of LWD exist for sha-
dow, vegetation, and solar glint areas. The accuracy of mapping and monitoring LWD
and associated channel shifts is dependent on and limited to the spatial resolution of
the remote sensing data, as subpixel changes can not be reliably quantified. Use of
simultaneously acquired high-resolution thermal infrared images is recommended for
possible reduction of such errors.
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L ast summer, Ryan Peterson talked me and Gordon Klco into a first descent of the

Unuk River from its source to sea. He made it sound like no big deal: Just hop in
our Alpacka packrafts and casuvally float 100 miles downstream from the mountainous
B.C. headwaters to the river mouth in Misty Fjords National Monument in southeast
Alaska. We would shoot film along the way to help bring awareness to B.C.’s rampant
development of large-scale mines on Transboundary Rivers in the region, in particular
a proposed $5.3-billion mine on one of the Unuk’s tribufaries, the Kerr-Suplhurets-
Mitchell mine (KSM).

The expedition ended up being one of the hardest of my life.

Our pilot had to get a little radical as we scouted the immense country, and hopes for a
mellow float from Unuk ILake through the upper canyon were dashed once we saw it
from the air. The canyon held impassable waterfall rapids that poured into huge
strainers; we knew we were in for a full-on bushwhack just to get into the upper river.
Shit got real, real quick. It was this realization that might have helped me fill the
airsickness bag with the full order of poutine that I had hammered down seconds
before boarding our float plane in Smithers. Moments later, the floats of the plane

settled onto the water of Unuk Lake.

As we set up camp and watched the northern light turn to alpenglow on the towering

peaks around us, we were the most relaxed we would be over the course of our 100

mile journey.

I have a strong distaste for backpacking, and despite our efforts to slim down our kits,
we each had 60-pound packs to to haul 10 days of provisions for the 100 miles of the
watershed. Our Garmin GPS conveniently lacked any topo lines for the region and we
were left mostly with instinct to guide us through the thick canopy of old growth
temperate rainforest. There is little to no beta on the Unuk watershed, a rarity in
today’s world, and Gordon saved our asses with his steadfast route finding. We spent
four days hiking 36 hard-earned miles along densely forested ridge lines, rafting over
raging tributaries, and tunneling through overhead devil’s club. There was zero sign of

man.



Incredibly, we hit a high-pressure weather window with sunny skies and no rain —a
complete anomaly for the zone, which is one of the wettest in the world — and even

with ideal conditions it was still insanely difficult.

We fought our way down one of the Unuk’s upper forks. and arriving at the main stem
of the river was cause for celebration. We could finally shed the weight of our
backpacks for the comfort of our rafts. The Unuk consistently made us feel small, and

blowing up our diminutive packrafis along the banks was no different. We were tiny.

The Unuk is all glacial mnoff, the gradient high. It loomed.

Floating downstream, there were loud consistent knocking sounds over the din of the
fast-moving river; the sound traveled through the water column and we could feel it on
the bottom of our boats. It took us a minute to figure out that it was coming from
boulders being violently pushed downstream along the bed of the river by the heavy

current.

There were two lava canyons downstream, where the glacial braids funneled into a
deep torrent by the dark walls on both sides. The river became a snaking firehose with
whirlpools and eddy fences that pulled and tugged at our weighted rafts. Gordon, an
accomplished class V kayaker, led that charge, and without him pointing us through
our lines, Ryan and I probably still be out there in the woods, trying to bushwhack

around each of the canyons.

To be in the second canyon and to see the myriad of veiled water falls pouring directly
from the lava was utterly magical. This was day six and about 75 miles into the
journey. The pucker factor was still high given the dynamic hydraulics, but it was hard

to deny the beauty of the place.

On day eight, we finally found the mellow braided river we’d been seeking for for the
past week. It spread before us in dozens of strands, and we had to keep our flotilla

close or we quickly could have ended up miles apart.

On day nine, the river’s current gave way to the fidal flats of the mouth, which
stretched to the horizon in mist and rain. We had made it to the sea. The torrent of the
headwaters was a distant memory, and it was quiet except for the occasional bark from
a curious seal. Soon, despite the rain and fog, we heard the glorious rumble of our

float plane on approach.



As we taxied for takeoff the pilot asked. somewhat incredulously, what we had been

doing on the river. We explained the source-to-sea mission. He paused for a moment
and said, “There were more people up there 100 years ago than there are today.” It

wasn’t hard to believe he was right.

Two weeks after we completed our trip through the Unuk watershed, the British
Columbia government granted environmental approval for the $5.3-billion KSM mine
on the Unuk’s main tributary, Sulphurets Creek. The KSM development will create
three massive open-pit mines to tap into the world’s largest gold and the second-largest
copper-gold deposits, plus several underground mines. It will include a processing

plant and tailings pile, as well as twin 23-kilometer tunnels.

As the name Sulphurets implies, the area has incredibly high concentrations of
sulfides. When water in the form of rain and air mix with exposed sulfides, sulfuric
acids are created, or acid mine drainage. Because of this, and because the mine will be
located just 20 miles from the Alaskan border, the state of Alaska requested input on
the approval process. Canada’s Environmental Assessment Agency rejected that
request, saying that the KSM mine would likely have no significant adverse

environmental effects.

KSM is one of perhaps a dozen large-scale mines being fast-tracked through the
permitting process along the BC/AK border. Canadians, of course, have more direct
options to fight this. For Alaskans, for the rest of Americans, the only real recourse is
to express our concerns for the potential impacts downstream by petitioning the State

Department to invoke transboundary freaty agreements.

See XBoundary, the film Rummel and Peterson created to explore these issues, here on
AJ.

Supporters of keeping the Transboundary avea pristine are rallying around Salmon
Beyvond Borders, which you can visit at salmonbeyondborders.org.

Photos by Travis Rummel and Ryan Peterson
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